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TWO  CASES  OF  STREPTOCOCCUS  INFECTION 
WHICH  GAVE  A  TYPICAL  WIDAL  REACTION. 

By  James  Tyson,  M.D., 

Professor  of  Medicine,  University  of  Pennsylvania, 

AND 

Ralph  Pemberton,  M.D., 

Assistant  Instructor  in  Medicine,  University  of 

Pennsylvania. 

(From  the  WiUiam  Pepper  Laboratory  of  Clinical  Medicine.) 


These  cases  are  deemed  worth  reporting  because  they  were 
thoroughly  studied,  and  in  the  course  of  such  study  the  blood 
responded  so  completely  to  the  Widal  reaction,  that  they 
were  placed  in  the  medical  wards  of  the  Hospital  of  the  Uni- 
versity of  Pennsylvania,  with  the  belief  that  they  were  cases 
of  t^'phoid  fever.  AMiile  displaying  this  most  essential  reaction 
they  exhibited  no  other  distinctive  sign  of  typhoid  unless 
the  copious  nasal  hemorrhage  in  one  case  be  considered 
such.  Enlargement  of  the  spleen  which  was  present  in  both 
cases,  is  so  common  in  infectious  diseases  that  it  dare  not  be 
allowed  any  diagnostic  value. 

The  cases  also  prove  conclusively  that  the  blood  culture 
affords  the  only  reliable  means  of  making  a  thoroughly 
accurate  diagnosis  of  tj-phoid  fever. 

Case  I. — Andrew  C,  aged  thirty-six  years,  white,  angle,  American; 
laborer;  admitted  to  the  University  Hospital  to  the  service  of  Dr.  Tj-son, 
November  6,  1906.    Died,  March  22,  1907. 


Family  History.  Negative  except  for  fatal  Bright's  disease  in  one 
brother. 

Previous  Personal  History.  Also  unimportant  except  for  hard  manual 
labor  as  fireman,  an  attack  of  gonorrhea  and  considerable  use  of 
alcohol  and  tobacco.  In  April,  1906,  he  was  operated  upon  successfully 
for  strangulated  hernia,  and  never  felt  strong  since  his  discharge  from 
the  hospital,  May  18,  1906.  He  was,  moreover,  imable  to  do  hard  work 
on  account  of  shortness  of  breath,  weakness,  and  later  on,  swelling  of 
feet  and  ankles.  He  also  had  pain  in  both  legs  and  at  the  shoulder  with 
"neuralgic"  twitches  in  the  right  side  of  the  face,  and  some  cardiac 
palpitation.  Slight  cough  developed  with  slight  expectoration,  and  on 
October  30,  1907,  he  says  that  he  lost  about  a  pint  of  blood  from  the  nose 
with  another  attack  of  less  severity  since.  He  lost  twenty  pounds 
between  April  and  November,  although  he  had  been  regularly  taking 
milk  and  eggs,  the  latter  of  which,  however,  he  had  trouble  in  retaining 
for  a  day  or  two  prior  to  his  admission.  He  also  complained  of  night 
sweats  for  a  week  before  coming  to  the  hospital. 

Examination  on  November  6,  1906,  revealed  a  poorly  developed  man 
of  about  140  poimds,  with  slight  amount  of  subcutaneous  fat,  flushed 
face,  and  pale  mucous  membranes;  teeth  are  poor,  tongue  coated,  and 
breath  foul.  There  was  no  glandular  enlargement  and  skin  was  clear, 
but  there  was  violent  pulsation  in  the  vessels  of  the  neck.  Chest  was 
well  shaped  but  of  deficient  expansion.  Limgs  were  essentially  nega- 
tive, and  the  apex  beat  was  strong  in  the  fifth  interspace,  one  inch  outside 
the  nipple  line,  whence  a  diffuse  wave-line  impulse  passed  down  and 
across  the  epigastriimi.  The  heart  extended  from  the  upper  border  of 
the  third  rib  to  the  right  border  of  the  sternum  and  one  inch  inside  the 
anterior  axillary  line.  A  soft  systolic  murmur  was  heard  at  the  apex 
and  in  the  axilla,  and  at  the  aortic  area  a  double  murmur  was  heard,  the 
systolic  the  louder  of  the  two  and  transmitted  into  the  vessels  of  the  neck. 
The  second  aortic  and  pulmonic  sounds  were  both  accentuated.  The 
pulse  was  full  and  Corrigan  in  character  and  Traube's  and  Duroziez's 
signs  were  both  present.  The  liver  was  tender  and  enlarged  to  two 
inches  below  the  costal  border;  the  spleen  was  also  enlarged  to  percus- 
sion, vaguely  palpable  and  tender,  but  the  abdomen  was  otherwise 
negative  except  for  herniotomy  scars.  There  was  slight  edema  over  the 
ankles. 

Examination  found  the  urine  practically  normal  and  blood  showed 
hemoglobin,  70  per  cent.;  red  blood  corpuscles,  4,970,000;  white  blood 
corpuscles,  10,000.    Blood  pressure,  systolic,  130. 

His  condition  remained  about  the  same  for  several  days  after  admis- 
sion with  a  rise  of  temperature  in  the  evening  up  to  100°  to  101^°.  He 
complained  of  joint  pains  which  yielded  to  salicylates,  and  he  was 
comfortable  while  in  bed.  Pulse  tracings  taken  were  typically  those  of 
aortic  regurgitation,  though  systolic  pressure  remained  low,  at  120  with 
diastolic  at  60. 

His  temperature  continued  to  vary,  he  felt  alternately  better  and 
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worse,  and  on  November  22  examination  showed  impairment  of  per- 
cussion resonance  with  increased  vocal  resonance  at  the  right  apex,  both 
of  wiiich  signs  were  doubtfully  present  on  admission.  A  few  fine  dry 
rales  were  heard  at  the  right  base  also.  No  rose  qpots  were  to  be  seen. 
A  Widal  taken  on  November  23  was  positive  and  the  patient  was  put 
on  typhoid  treatment. 

On  November  27  the  Widal  was  again  positive  in  the  1  to  100 
dilution.  A  blood  culture  of  the  same  date  showed  a  pure  growth  of 
streptococci  in  three  out  of  four  flasks.  For  some  days  the  patient 
remained  in  statu  quo,  quite  comfortable  with  no  other  signs  of 
typhoid. 

On  December  4  the  rheumatic  pains  returned  in  the  left  shoulder, 
temperature  continued  high,  and  blood  pressure  fell  to  100  and  60. 

5th.  A  ward  note  states:  Rheumatic  pains  have  disappeared.  Blood 
pressure  systolic,  S5 ;  diastolic  not  obtainable. 

6/A.  Widal  positive  again  in  one  hour,  up  to  1  to  200  dilution.  This 
dilution  gave  a  slight  reaction.  Temperature  lower,  patient  comfortable, 
and  blood  pressure  very  low,  systolic,  85;  diastoUc,  60. 

7th.  Blood  count  gave  red  blood  corpuscles,  3,640,000;  white  blood 
corpuscles,  5680;  hemoglobin,  70  per  cent. 

16th.   A  second  blood  culture  shows  streptococci  in  pure  culture. 

29th.  Trace  of  albumin  in  urine  with  some  granular  casts  and  leuko- 
cytes. WTien  salicylates  are  stopped  for  more  than  a  few  days,  joint 
pains  return. 

January  11,  1907.  Blood  culture  showed  streptococci  again  in  pure 
culture. 

22d.  The  patient  had  a  sharp  pain  in  splenic  region  which  radiated 
across  abdomen  and  left  him  very  prostrated,  with  some  local  tender- 
ness.   Spleen  questionabl;'  palpable. 

23J.  Blood  coimt  gave  red  blood  corpuscles,  3,050,000;  white  blood 
corpuscles,  10,000;  hemoglobin,  54  p)er  cent.  Blood  pressure,  85  to 
70.  Patient  given  Blaud's  pill,  gr.  v,  arsenic,  gr.  ;^,  and  tr.  digitalis 
nx  X,  three  times  a  day.  * 

31s/.  Patient  apparently  somewhat  stronger,  and  felt  well,  but  there 
is  much  edema  of  feet  and  legs  when  he  sits  up  in  a  chair  long. 

February  4,  1907.  Murmur  at  apex  of  heart  unchanged;  murmur  at 
base  weaker  and  the  diastolic  element  hard  to  hear.  Small  purpuric 
patches  on  legs  and  feet. 

\Oth.  Has  remained  in  bed  for  some  days  and  purpuric  patches  have 
almost  disappeared.    Edema  also  gone,  but  patient  is  very  weak. 

IZth.  .\llowed  to  be  up  when  purpuric  patches  of  feet  and  l^s 
returned  by  night. 

\6th.    Rest  in  bed  again  caused  the  disappearance  of  the  purpura. 

22d.  Red  blood  corpuscles,  2,000,000;  white  blood  corpuscles, 
8000;  hemoglobin,  40  per  cent. 

24th.  Nausea  and  vomiting  occur  at  night  and  dyspnea  remains  about 
the  same. 


March  14.  Has  felt  better  for  a  week  past  than  at  any  time  since 
admission.  Temperature  normal,  but  his  feet  still  swell  when  he  gets  out 
of  bed  and  the  purpuric  spots  then  again  reappear.  Hemoglobin,  50 
per  cent.;  red  blood  corpuscles,  2,220,000;  white  blood  corpuscles, 
6200.    No  tubercle  bacilli  or  elastic  tissue  in  sputum. 

19th.  Weaker  and  more  dyspneic  for  some  days  past.  Urine  as 
before. 

20th.  Several  attacks  of  nose  bleed  last  night,  one  quite  severe.  Very 
weak  today  and  has  air  hunger. 

21s^  Blood  culture  showed  short  thick  bacilli;  Widal  positive  in  1  to 
100  dilution. 

22d.  Severe  attack  of  dyspnea  and  general  distress  today.  He  became 
very  nois}-  and  after  about  an  hour  of  this  discomfort,  died. 

No  autopsy  was  secured. 

Case  II. — Dora  P.,  aged  eighteen  years,  white;  primipara.  Admitted 
to  the  maternity  on  November  19,  1906,  seven  days  after  delivery, 
with  vaginal  discharge,  severe  headache,  and  temperature  of  105f°. 
She  was  treated  as  a  case  of  puerperal  sepsis,  and  the  discharge  decreased, 
but  the  high  temperature  and  headache  persisted  and  a  Widal  reaction 
was  positive  on  November  23  and  November  26,'  1906.  On  the  latter 
date  a  blood  culture  showed  streptococci.  Transferred  to  the  service 
of  Dr.  Tyson  on  November  30,  1906.     Died  June  1,  1907. 

Her  family  and  previous  personal  history  were  uneventful,  the  present 
condition  dating  from  her  confinement,  for  the  first  three  days  after 
which  she  did  well;  her  uterus  was  then  curetted  and  she  developed 
high  fever. 

On  admission  to  the  service  of  Dr.  Tyson,  temperature,  pulse,  and 
respiration  were  104°,  120,  and  40.  She  was  evidently  very  sick  and  was 
much  exhausted,  but  complained  of  nothing  more  than  a  headache. 

Examination  shows  a  young,  slight  woman,  fairly  well  developed,  with 
moderate  amount  of  subcutaneous  fat.  Her  face  was  pale  and  red  in 
spots.  Lips  were  dry,  tongue  heavily  coated,  and  breath  foul.  Chest 
was  symmetrical,  of  poor  expansion,  breasts  long  and  pendulous  and  not 
lactating.  Chest  clear;  to  percussion  heart  extended  from  third  rib  to 
middle  of  sternum  and  one  inch  inside  midclavicular  line.  The  first 
sound  at  the  apex  lacked  muscular  tone,  but  there  were  no  murmurs. 
At  the  base  both  valvular  sounds  were  weak.  Abdomen  was  marked 
with  white  striae,  but  shows  no  tenderness  or  distention.  Liver  is  appar- 
ently normal  in  size. 

December  1,  1906.  The  urine  shows  mucus,  many  leukocytes  and 
epithelium,  but  no  albumin  or  casts.  Blood  gives  a  count  of  red  blood 
corpuscles,  2,250,000;  white  blood  corpuscles,  9890;  hemoglobin,  52 
per  cent.  Widal  positive.  Blood  culture  shows  streptococci  The 
temperature  keeps  high  and  the  patient  is  repeatedly  sponged.  No 
rose  spots  or  abdominal  symptoms  of  any  kind. 

7th.    She  shows  some  tendency  to  tympanites  today  for  the  first  time. 


and  a  day  or  two  ago  developed  a  profuse  vaginal  discharge.  There  are 
no  rose  spots  but  the  spleen  is  enlarged  to  percussion  and  in  other  respects 
her  condition  suggests  typhoid. 

9th.  80  c.c.  anti-streptococcic  serum  given  today  every  six  hours 
until  320  c.c.  were  administered.  Patient's  condition  seems  worse  and 
she  shows  some  tendency  to  delirium. 

12th.  Blood  culture  again  shows  streptococci  in  pure  culture. 
Patient's  appetite  is  good.  She  takes  large  quantities  of  milk,  but  she 
is  very  restless. 

IGth.  Profuse  diarrhea  developed  today  and  vaginal  discharge  per- 
sists, but  in  other  respects  her  condition  remains  much  the  same- 

21s/.    Appetite  is  failing  and  she  vomited  today  for  the  6rst  time. 

26th.  Anti-streptococcic  serum  (60  c.c.)  again  given  today.  Urine 
shows  albumin,  medium  sized,  pale  granular  and  small  granular  casts, 
many  small  and  large  leukocj'tic  casts.  Blood:  red  blood  corpuscles, 
1,680,000;  white  blood  corpuscles,  12,400;  hemoglobin,  28  per  cent. 

28th.  Urine  shows  albumin  to  mark  1  (by  E^bach) ;  casts,  and  other 
features  as  before. 

January  3,  1907.    Legs  and  feet  have  become  edematous. 

7th.  She  has  had  pain  in  her  left  arm,  but  it  is  now  much  better. 
There  was  also  a  purpuric  eruption  over  the  left  leg  and  sacrum  which 
has  now  disappeared,  but  over  the  site  of  this  there  are  sinuses  under  the 
skin.    Urine  about  the  same. 

9th.    A  blood  culture  today  was  sterile. 

18ih.  Seems  to  be  impro^^ng.  Diarrhea  gone,  mind  clear,  tempera- 
ture lower  and  edema  has  disappeared  and  sinuses  are  healing. 

February  1.  Condition  continues  to  improve  except  that  she  has 
some  pain  in  her  right  hip 

5th.    Temperature  normal  for  some  days. 

14th.  Bacillus  diphtheriae  found  in  throat  today  in  routine  examina- 
tion of  all  patients  who  were  exposed  to  a  case  occurring  in  the  ward. 
Xo  clinical  signs  of  the  disease,  however.  Pain  in  the  left  hip  is  increas- 
ing, and  appetite  failing,  with  a  rise  in  temperature  ever>-  evening. 

23d.  For  a  week  past  condition  has  been  unsatisfactory,  with  high 
fever,  excruciating  pain  in  the  left  hip  and  edema  of  whole  of  left  leg. 
Pulse  good  and  mind  clear.  Presence  of  B.  diphtheriae  in  throat  evi- 
dently only  transitorj-  as  no  organisms  are  found  today. 

March  3.  Patient  remains  in  about  statu  quo.  Left  1^  presents  a 
distinct  phlebitis. 

22d.  Condition  persists  without  much  change,  with  irregular  tem- 
perature and  leg  now  shows  an  area  of  redness  in  middle  of  thigh. 

2oth.  Leg  opened  and  (5xxiv)  pus  removed.  Patient  feels  better 
tonight. 

26th.   Temperature  fell  to  normal  and  she  feels  vastly  improved. 

30th.  Temperature  elevated  again  without  evident  local  cause. 
Wound  draining  freely. 

A  pril  6.   Temperature  slowly  fell  and  she  now  seems  better  again. 
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15th.  Patient  has  been  better  and  worse  alternately,  holding  her  own 
fairly  well,  though  she  has  several  broken-down  areas  on  her  back  and 
elsewhere.  Today,  however,  temperature  rose  to  103°,  after  having 
been  normal  for  about  nine  days. 

Idth.    Temperature  today  105.5°.    A  red  rash  appears  over  left  thigh. 

25th.  Blood  count  gives  white  blood  corpuscles,  22,000;  hemoglobin, 
32  per  cent. 

May  6.  Temperature  septic  now  and  right  knee  opened  because  of 
swelling  and  fluctuation.    Streptococci  reported  in  pus  obtained. 

15th.  Condition  has  been  poor  and  a  fluctuating  abscess  on  left 
shoulder  opened  and  drained.    Joint  not  involved. 

June  1.  She  is  growing  steadily  worse;  condition  of  back  undescrib- 
ably  bad,  and  patient  is  much  weaker  and  extremely  emaciated.  Eats 
nothing  and  i& delirious  most  of  the  time. 

8th.  Died  today,  after  lying  unconscious  for  twenty-four  hours.  No 
autopsy  obtained. 

The  cases  are  reported  without  further  comment  because 
none  is  needed  for  the  purpose  which  is  simply  to  show  con- 
clusively the  occasional  association  of  clumping  by  other 
than  typhoid  bacilli. 


Reprinted  from  the  University  of   Pennsylvania  Medical  Bulletin, 
November,  1906. 


CRYPTOGENETIC  STREPTOCOCCUS  INFECTION 
WITH  PERSISTENT  CUTANEOUS  ERUP- 
TION, ENLARGEMENT  OF  THE  LYM- 
PHATIC GLANDS  AND  FEVER 
SUGGESTING  SYPHILIS. 

By  Alfred  Stengel,  M.D.,  J.  Willl*.m  White,  M.D., 

AND 

Joseph  S.  Evans,  M.D. 

(From  the  William  Pepper  Laboratory  of  Clinical  Medicine, 
Phoebe  A.  Hearst  Foundation.) 


The  report  of  the  case  which  is  the  basis  of  this  paper  was 
prompted  by  the  unusual  cHnical  features  and  the  results  of 
bacteriologic  study.  The  patient,  a  physician,  had  consulted 
a  number  of  physicians,  dermatologists,  and  syphilographers 
before  consulting  one  of  us  (S).  Various  opinions  had  been 
expressed  for  and  against  sj'philis.  Our  own  belief  in  the 
non-syphilitic  character  of  the  disease  seems  to  be  confirmed 
by  our  bacteriologic  studies,  which  appear  sufficiently  con- 
clusive to  justify  pubhcation.  We  are  indebted  to  Professor 
James  C.  Wilson  for  the  photographs  of  the  case,  which  were 
taken  when  the  patient  consulted  him,  and  to  Professor  Henry 
W.  Stelwagon  for  photographs  and  a  statement  of  the  clinical 
features  obser^"ed  by  him. 


L.  D.  J.,  aged  twenty-six  years,  does  not  remember  having 
diseases  of  childhood  and  was  in  good  health  until  fourteen 
years  of  age.  At  that  time  he  had  some  form  of  gastrointes- 
tinal disorder  with  marked  nervous  symptoms  and  disturb- 
ances of  vision.  The  nervous  symptoms  were  attributed 
to  a  muscular  disorder  of  the  eyes  and  astigmatism.  About 
the  same  time  he  developed  a  fissure  in  ano.  After  correction 
of  the  eyes  and  cure  of  the  fissure  his  general  health  improved 
and  he  was  practically  well.  At  eighteen  he  began  to  prepare 
for  his  medical  studies  and  finally  graduated  at  twenty-five. 
He  was  a  resident  physician  in  one  of  the  hospitals  and  while 
there  was  perfectly  well  until  June  1,  1905. 

The  following  account  of  his  condition  from  the  onset  of 
that  trouble  until  he  first  consulted  me  (S)  was  prepared  by 
a  medical  friend  who  was  constantly  associated  with  him 
during  the  time. 

History  of  Present  Illness.  In  the  latter  part  of  May,  1905, 
the  patient  began  to  complain  of  digestive  disturbances, 
sore  throat,  and  lassitude.  He  being  slightly  jaundiced, 
vomited  occasionally,  and  had  no  desire  for  food.  He  also 
complained  of  an  intense  itching  of  the  skin.  At  this  time  an 
eruption  which  looked  exactly  like  seborrhoeic  eczema  made 
its  appearance  upon  the  ankles,  thighs,  buttocks,  back,  and 
elbows.  This  eruption  appeared  in  fairly  well-defined 
patches. 

Examination  of  the  throat,  made  upon  several  occasions, 
showed  the  posterior  pharyngeal  wall  to  be  dry  and  congested, 
with  an  enlarged  follicle  here  and  there  over  its  surface.  The 
tonsils  were  also  somewhat  inflamed  and  slightly  enlarged. 

The  patient  was  placed  on  a  reduced  diet,  given  sodium 
phosphate  internally,  and  ordered  a  warm  alkaline  bath  at 
bedtime.  Slight  improvement  followed  the  treatment.  In 
the  middle  of  June  he  went  to  the  country  for  two  weeks. 
Upon  his  return  he  stated  that  he  felt  no  better. 

From  July  to  the  middle  of  September  his  condition  varied 
from  week  to  week,  although  during  this  period  he  never  felt 
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in  his  normal  condition.  The  eczematous  rash  faded  markedly 
and  in  some  places  disappeared  entirely.  Slight  jaundice 
was  noticeable  at  times,  nausea  was  experiencecl,  and  on 
several  occasions  vomiting  occurring  immediately  after  eating. 


Fia.  1. — xhe  eruption  in  its  earlier  stages.     (From  a  photograpli 
taken  for  Dr.  J.  C.  Wilson.) 

The  patient  was  nervous,  irritable,  and '  suffering  from  in- 
somnia. In  the  latter  part  of  September  he  complained  of 
feeling  much  worse,  "sick  all  over,"  as  he  himself  expressed 
it,  and  about  the  first  of  October  left  again  for  the  country, 
where  he  remained  until  November.     During  the  month  of 


October  he  became  steadily  worse,  losing  weight  and  strength, 
and  suffering  more  and  more  from  insomnia.  The  axillary 
lymphatic  glands  began  to  enlarge  and  were  painful  and 
sensitive  to  touch,  there  was  more  or  less  pain  under  the 


Fig.  2. — The  eruption  in  the  later  stages.     (From  a  photograph 
taken  by  Dr.  H.  W.  Stelwagon.) 

sternum,  and  dyspnoea,  which  became  worse  upon  exertion, 
developed.  The  patient  states  that  at  this  time  he  had 
several  sharp  chills  followed  by  free  sweating.  In  the  mean- 
time an  erythematous  rash  broke  out  on  the  arms,  thorax  and 
abdomen,  and  later  invaded  the  lower  extremities.     After 


the  patient  returned  to  Philadelphia  early  in  November  his 
condition  became  constantly  worse.  The  pain  in  the  region 
of  the  sternum  extended  over  the  entire  anterior  thoracic 
region,  the  dyspnoea  became  severe,  the  axillary  glands  con- 
tinued to  enlarge  and  become  more  and  more  painful.  The 
other  lymphatic  glands,  notably  the  inguinal  group,  likewise 
became  affected.  The  patient  had  an  evening  temperature 
of  100°  to  102°  F.,  with  profuse  sweating  at  night,  and  was 
distressed  by  the  constantly  increasing  dyspnoea  and  the 
severe  substernal  pain.  In  short,  he  presented  the  appear- 
ance of  one  seriously  ill.  A  blood  count  showed  a  leukocytosis 
of  over  21,000.  The  rash  which  had  become  more  and  more 
marked  assumed  a  multiform  character,  papules  alternating 
with  macules,  etc. 

The  patient  consulted  several  physicians,  surgeons,  and 
dermatologists  m  Philadelphia  and  New  York,  and  finally 
entered  a  hospital,  where  he  received  the  so-called  mercurial 
therapeutic  test  in  the  form  of  hypodermic  injections,  there 
being  a  question  as  to  whether  his  illness  might  not  be  the 
result  of  syphiUtic  infection.  This  treatment  seemed  to 
produce  a  slight  fading  of  the  rash,  although  the  change  was 
not  at  all  decided,  and  he  himself  doubted  the  occurrence 
of  any  noticeable  alteration.  Only  a  few  injections  were 
administered. 

November  26,  1905.  The  patient  first  consulted  me  (S) 
on  this  date,  when  he  gave  substantially  the  history  as 
above  and  in  addition  told  me  that  he  had  had  numerous 
attacks  of  tonsillitis.  He  also  reported  that  in  October,  1905, 
he  began  to  have  intense  headaches  after  eating.  After  this 
he  developed  rheumatoid  pains  in  his  left  shoulder,  and  on 
one  occasion,  after  having  drunk  cold  water  at  a  mineral 
spring,  he  had  a  heax^y  shaking  chill  and  continued  chilly  for 
about  three  days.  It  was  after  this  that  he  first  developed 
substernal  pain  and  enlargement  of  the  gland  in  his  left  axilla. 
There  was  also  a  constant  aching  sensation  in  his  jaws 
followed  by  a  swelling  of  the  glands  at  the  angle  of  the 


maxilla  on  the  right  side.  The  rash  which  he  presented  on 
first  consulting  me  appeared  about  this  time,  first  covering 
the  abdomen  and  chest.  There  was  none  then  on  legs.  He 
reported  hy|)eniesthesia  at  various  points  but  had  no  itching. 
There  was  a  distinct  tendency,  however,  to  urticaria. 

After  the  original  chill  there  was  some  fever  and  this  con- 
tinued more  or  less  steadily  for  three  weeks;  then  subsided, 
the  rash  at  the  same  time  becoming  marked.  Subsequently 
each  recurrence  of  the  fever  was  attended  with  a  distinct 
increase  in  the  rash. 

The  glandular  enlargement  when  I  first  saw  him  involved 
the  post-auricular  groups  on  both  sides,  the  anterior  cervical 
and  both  axillary  groups,  especially  the  axillary  glands  on 
the  left  side;  both  inguinal  groups  slightly  and  the  supra- 
clavicular on  the  left  side. 

The  rash  found  at  his  first  visit  was  a  blotchy  erythema 
and  folliculitis,  most  marked  over  the  abdomen  and  chest, 
some  on  the  forehead,  none  on  the  arms  or  legs.  He  reported 
that  there  had  been  papules  and  miliarial  vesicles  but  these 
were  not  present  when  I  saw  him.  Physical  examination 
at  this  time  and  subsequently  disclosed  no  evidence  of  any 
visceral  lesion.  The  thoracic  and  abdominal  organs  all 
appeared  normal.  Repeated  palpation  of  the  spleen  failed 
to  show  any  enlargement.  The  only  pathological  conditions 
discoverable  were  the  pharyngitis  and  tonsillitis,  the  cutaneous 
eruption  and  the  enlargement  of  the  superficial  lymphatic 
glands. 

January  7,  1906.  He  presented  himself  on  this  day  with 
a  fresh  outbreak  of  eruption,  much  of  which  was  papular  and 
minutely  vesicular. 

VI th.  The  rash  has  subsided  distinctly,  apparently  under 
the  influence  of  salicylates. 

211%.  The  rash  is  of  dusky  color  but  still  quite  evident. 
Glands  remain  about  the  same.  He  has  been  taking  guaiacol 
carbonate  and  salicylates  since  January  7th. 

The  following  clinical  examinations  were  made  under  our 
direction : 


Urine:  Specific  gravity,  1020;  reaction,  acid ;  no  albumin; 
no  sugar;  microscopic  examination,  negsitive.  Sul>sequent 
examinations  gave  similarly  negative  results. 

Blood:  The  patient  reported  that  there  had  been  leuko- 
cytosis (21,000  and  17,000  per  c.mm.)  before  he  consulted 
us. 

November  27,  1905.  Leukocytes,  8880;  polymorphonu- 
clear, 73  per  cent. ;  large  mononuclear,  5  per  cent. ;  transitional 
2  per  cent.;  lymphocytes,  14.5  per  cent.;  eosinophiles,  4  per 
cent;  basophiles,  1.5  per  cent. 

January  17,  1906.  Red  corpuscles,  5,090,000;  leukocytes, 
8320;  haemoglobin,  65  per  cent.;  polymorphonuclear,  67.4 
per  cent.;  large  mononuclear,  4.4  per  cent.;  transitional,  5.6 
per  cent;  lymphocytes,  18.6  per  cent;  eosinophiles,  1.8  per 
cent.;  basophiles,  2.2  per  cent. 

March  26th.  Red  corpuscles,  5,730,000;  leukocytes, 
10,320;  haemoglobin,  95  per  cent.;  polymorphonuclear,  69 
per  cent;  transitional,  2.4  per  cent;  lymphocytes,  19.8  per 
cent.;  eosinophiles,  2.4  per  cent;  basophiles,  0.8  per  cent. 

April  19ih.  Red  corpuscles,  5,720,000;  leukocytes,  6080; 
haemoglobin,  90  per  cent. 

The  patient  reported  that  several  examinations  had  pre- 
viously been  made  to  determine  the  presence  or  absence  of 
the  Spirochaeta  palUda.  One  observer  had  failed  to  find  this 
organism  either  in  the  serum  taken  from  the  skin  over  the 
eruption  or  in  one  of  the  lymphatic  glands  which  was  excised 
for  the  purpose  of  examination.  Another  observer  had 
reported  the  finding  of  a  single  spirochaeta  in  the  examination 
of  a  number  of  slides  prepared  from  the  serum  obtained  from 
the  skin  over  the  eruption.  The  slide  in  which  this  supposed 
spirochaeta  was  found  had  been  lost  and  the  finding  could 
not,  therefore,  be  subsequently  verified.  Without  such  verifi- 
cation we  think  it  permissible  to  question  the  finding  in  view 
of  the  previous  negative  report  on  the  serum  and  juice  of  an 
excised  gland  and  our  own  subsequent  failure  to  find  the 
organism  in  the  serum  drawn  from  the  skin  or  in  the  juice 
drawn  from  a  thoroughly  kneaded  lymphatic  gland. 


Stomach  Contents,  Novemher  28,  1905.  Total  acidity,  25; 
free  HCl,  18;  no  lactic  acid. 

Dr.  Evans'  bacteriological  studies  were  as  follows: 

On  January  23d  a  cultural  examination  of  the  patient's 
blood  was  made.  Five  cubic  centimeters  of  blood  were  taken 
from  a  vein  at  the  flexure  of  the  elbow-joint,  a  point  free  from 
the  cutaneous  lesions  being  selected.  Twenty  tubes  of  melted 
agar  cooled  to  45°  C.  were  inoculated  and  plates  poured.  At 
the  end  of  twenty-four  hours  there  was  such  marked  evidence 
of  contamination  that  the  culture  was  discarded. 

A  second  examination  was  made  January  29th;  ten  cubic 
centimeters  of  blood  were  taken  with  the  same  precaution  to 
avoid  skin  lesions.  Five  cubic  centimeters  of  this  were 
divided  equally  among  five  flasks  of  bouillon,  each  containing 
200  cubic  centimeters;  the  remaining  blood  was  divided 
among  tubes  of  litmus  milk  for  anaerobic  cultures  by  the 
pyrogallic  acid  and  sodium  hydroxide  method.  The  cultures 
were  incubated  in  37.5°  C,  and  at  the  end  of  twenty-four 
hours  there  was  a  slight  acidity  in  the  milk.  Sub-cultures 
were  made  from  the  flasks  on  slant  agar,  and  twenty-four 
hours  later  a  growth  was  found  to  have  occurred  in  four  of 
the  flasks,  the  remaining  one  being  sterile. 

The  organism  in  all  four  tubes  was  identical  and  proved 
to  be  a  Gram-positive  coccus,  oval  in  shape  occurring  mostly 
in  diplococcic  forms  but  also  found  in  chains  of  four  and  six. 
Division  occurred  in  only  one  plane.  A  further  description 
will  be  given  later. 

At  the  time  the  blood  culture  was  made,  smears  were  taken 
from  the  serum  of  the  cutaneous  lesions  with  the  end  in  view 
of  examining  for  the  Spirochseta  pallida,  since  previously 
there  had  been  both  a  positive  and  negative  report  as  to  the 
presence  of  this  organism.     Our  findings  were  negative. 

The  next  day  an  enlarged  axillary  gland  was  massaged  and 
a  small  quantity  of  the  glandular  juice  withdrawn  by  a  syringe. 
Artificial  sodium  hydroxide  blisters  were  also  made.  Speci- 
mens of  the  glandular  fluid  and  the  serum  of  the  blisters 
failed  to  reveal  the'presence  of  the  Spirochseta  pallida. 


On  March  27th  a  second  blood  culture  was  taken.  At 
this  time  the  patient  was  practically  free  from  the  cutaneous 
lesions.  The  only  glandular  enlargement  was  in  the  anterior 
cervical  chains.  The  flask  method  was  employed  and  sub- 
cultures showed  growth  in  all  five.  Morphologically  the 
organism  was  identical  with  the  one  isolated  by  previous 
culture. 

On  March  29th  a  culture  was  made  from  the  depths  of  a 
large  crypt  in  the  tonsil.  A  mixed  growth  occurred,  but  one 
of  the  organisms  was  identical  with  that  isolated  from  the 
blood.  A  systematic  study  of  the  cultural  characteristics 
of  the  three  organisms  revealed  only  one  difference.  Culture 
No.  1  (isolated  January  29th)  produced  slight  acidity  of 
litmus  milk  lasting  for  twenty-four  hours,  followed  by  an 
alkaline  change,  whereas  culture  No.  2  (isolated  March  27th) 
and  culture  No.  3  (throat)  produced  permanent  acidity. 
This  difference,  however,  was  thought  to  be  due  to  the 
different  ages  of  the  three  strains. 

April  24th  culture  No.  1  (then  three  months  old)  and  culture 
No.  2  (one  month  old)  were  again  studied  on  the  various 
media  and  exhibited  identical  characteristics.  Culture  No. 
3  unfortunately  became  contaminated  and  was  lost. 

The  following  are  the  characteristics  of  this  organism: 

Morphology.  Cocci,  oval  in  form,  occurring  as  diplococci 
and  in  chains  of  four  and  six.  Division  takes  place  in  one 
plane  and  the  elongation  which  precedes  it  sometimes  is 
indistinguishable  from  a  rod.  There  is  a  capsule  especially 
when  grown  on  blood  serum.  Involution  forms  are  numer- 
ous. 

Motility.     None. 

Temperature  Requirements.  Grows  well  at  37.5°  on  or- 
dinary culture  media;  better  on  glycerin  agar,  blood  serum 
and  glycose  agar;  no  growth  at  20°  or  28°. 

Oxygen  Requirements.     Facultative  anaerobe. 

Gelatin.     No  growth  either  in  plate  or  stab  culture. 
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Glycerin  Agar  Plate.  Superficial  colonies  are  flat  with  an 
abrupt  border  and  a  deep  dark  central  nucleus.  They  are 
homogeneous,  translucent,  grayish  in  color,  and  dew-like 
in  appearance.  Under  the  low  power  they  appear  irregularly 
round  with  rough  edges,  coarsely  granular  and  light  yellow 
in  color.  A  short  distance  within  the  edge  there  is  a  greater 
degree  of  growth,  from  which  ring  it  decreases  both  toward 
the  centre  and  the  true  periphery  (cross-section).  The  deep 
colonies  are  pin-head  in  size,  irregularly  round  or  whetstone 
shape  with  margins  at  first  sharply  defined  but  later  showing 
irregular  prolongations. 

Stroke.  Small,  pale  grayish,  dew-like  colonies.  Marked 
growth  in  the  water  of  condensation  as  a  thick,  white  flaky 
sediment.  In  this  sediment  the  cocci  occur  in  longer  chains 
and  the  capsule  is  more  readily  demonstrated. 

Stab.  Growth  occurs  along  the  entire  length  of  the  punc- 
ture as  minute  grayish,  translucent  colonies. 

Potato.     No  visible  growth  occurs. 

Blood  Serum.  Small  grayish  irregular  colonies  with  slight 
tendency  to  confluence.  A  flaky  cloudiness  in  the  water  of 
condensation. 

Gas  Production.  None  produced  on  glucose,  saccharose 
or  lactose  media.  Growth  abundant  along  the  entire  length 
of  the  stab. 

Litmus  Milk.  Slight  acidity  for  twenty-four  hours,  then 
progressively  increasing  alkalinity.     No  coagulation. 

Bouillon.  The  organism  grows  as  a  whitish,  flocculent 
sediment,  the  medium  remaining  clear.  I^ater  the  sediment 
becomes  confluent  and  when  the  medium  is  shaken  rises  up 
from  the  bottom  as  a  thread. 

Staining.  Stains  by  ordinary  aniline  dyes  and  by  Gram's 
method.  Optimum  growth  occurs  on  glycerin  agar,  glucose 
agar,  and  blood  serum. 

Pathogenesis.  Was  non-pathogenic  to  rabbits  and  guinea- 
pigs  when  inoculated  in  large  doses  intravenous,  intraperi- 
toneal and  intrapleural.     Slight  temporary  inflammation  took 
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place  at  the  site  of  subcutaneous  injection.  White  mice  inoc- 
ulated suhcutaneously  sickened  and  lost  weight,  an  abscess 
forming  at  the  side  of  inoculation.  When  given  plenty  of  sun- 
light and  fresh  air  the  animals  recovered  in  two  to  three  weeks. 
2  c.c.  of  a  suspension  of  the  culture  having  a  cloudiness  equal 
to  a  twenty-four-hour  tvphoid  bouillon  culture  injection  into  the 
inner  surface  of  the  right  thigh  of  a  ring-tail  monkey  protluced 
in  twenty-four  hours  an  inflammatory  reaction  at  the  site 
of  injection  which  continued  for  five  days  without  producing 
suppuration.  Three  days  after  inoculation  the  right  inguinal 
glands  became  sHghtly  enlarged.  Six  days  later  they  became 
markedly  enlarged  and  there  was  noticed  some  enlargement 
of  the  left  inguinal  and  right  axillary  glands.  Four  days  later 
the  left  axillary  glands  could  be  palpated.  The  monkey  did 
not  apparently  sicken.  This  glandular  enlargement  began  to 
lessen  at  the  end  of  four  weeks  and  entirely  disappeared  at  the 
end  of  twelve  weeks. 

We  believe  this  organism  to  be  one  of  the  streptococcus 
group,  because  it  divides  in  one  plan  and  occurs  in  encapsu- 
lated chains.  Notwithstanding  the  present  tendency  on  the 
part  of  many  observers  to  look  upon  the  various  streptococci 
found  in  different  pathological  conditions  as  being  in  reality 
the  same  organism  modified  in  some  of  its  characteristics 
we  consider  that  this  organism  is  distinct  from  the  pyo- 
genes variety  or  from  the  Streptococcus  pneumoniae.  It  re- 
sembles the  latter  because  of  the  predominance  of  the 
diplococcic  forms,  but  the  character  of  the  growth  on  agar 
and  the  size,  shape,  and  consistence  of  the  colonies  are 
entirely  different.  The  appearance  of  the  colonies  under 
the  low  power  of  the  microscope,  e.  g.,  the  sharply  de- 
fined edge  and  the  concave  centre,  the  production  of  an 
alkaline  reaction  and  the  absence  of  coagulation  in  milk, 
even  in  the  first  sub-culture,  distinguishes  it  rather  shai  ply 
from  the  pyogenes  variety.  The  characters  of  the  organ- 
ism isolated  by  wSchiitz,  Saud,  Jensen  and  others  from 
horses  suffering  with  contagious  coryza  and  glandular  enlarge- 
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ment  agree  most  closely  with  those  found  in  the  examination 
of  our  organism.  We  make  this  comparison,  however,  not 
to  identify  the  organism  isolated  from  our  case  with  that  of 
Schiitz,  but  merely  to  state  our  belief  that  we  are  dealing  with 
a  peculiar  form  of  the  streptococcus. 

Dr.  J.  William  White,  to  whom  the  case  was  referred  on 
account  of  the  suspicion  of  syphilis,  made  the  following  re- 
port: 

"The  patient  in  question  came  to  me  on  December  4,  1905. 
At  that  time  he  had  a  small  papular,  punctate,  miliary  erup- 
tion, irregularly  grouped,  profuse  on  the  trunk,  slight  on  the 
limbs.  There  was  occasional  itching.  The  inguinal,  axil- 
lary, cervical,  and  supraclavicular  group  of  lymph  nodes  were 
all  enlarged.     He  gave  me  the  following  history: 

"He  had  been  well  up  to  June,  1905.  He  then  had  urticaria 
lasting  for  three  months,  and  very  profuse.  During  this 
time  he  lost  weight  noticeably.  In  September  his  general 
health  was  poor  but  he  had  no  local  symptoms.  In  October, 
after  drinking  much  mineral  spring  water,  his  general  health 
improved,  due,  he  thought,  to  the  eliminative  action  of  the 
fluid  that  he  took  in  such  large  quantities,  but  toward  the  end 
of  the  month  he  had  a  heavy  rigor,  followed  with  fever  (100° 
to  102°)  and  sweating,  followed  at  once  by  palpable  enlarge- 
ment of  the  axillary  lymph  nodes  and  by  sternal  and  sub- 
sternal pain.  After  this  a  macular  rash  appeared,  and  his 
general  condition  became  worse.  The  sternal  pain  extended ; 
the  sweats  were  profuse;  there  was  marked  dyspnoea;  and 
about  the  end  of  October  a  distinct  leukocytosis  (21,000)  was 
noted. 

"He  gave  no  history  of  any  form  of  primary  sore,  or  of  any 
lesion,  dry  or  ulcerative,  that  remotely  resembled  a  chancre." 

My  expressed  opinion  was  that  he  was  suffering  from  some 
unusual  form  of  toxemia,  probably  of  tonsillar  or  gastroin- 
testinal origin,  and  associated  with  a  certain  degree  of  toxic 
neuritis.  I  was  then  told  of  a  slight  development  of  jaundice 
that  had  accompanied  his  early  symptoms,  and  of  the  ap- 
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pearance  at  about  the  same  time  of  an  eruption  of  an  ecze- 
matous  type  which  had  affected  the  back,  elbows,  buttcK'k-s, 
and  the  posterior  surfaces  of  the  thighs.  Still  later,  I  learned 
that  an  examination  of  the  blocxl,  made  at  Dr.  Stengel's 
request,  had  shown  the  presence  of  streptoccK'ci,  and  that  the 
same  organism  had  been  found  in  cultures  taken  from  the 
tonsils;  all  of  which  was,  of  course,  evidence  strongly  con- 
firmatory of  the  opinion  I  had  given. 

"Apart  from  the  improbability  that  an  intelligent,  well- 
trained,  and  obviously  intensely  interested  medical  man  would 
overlook  or  deny  the  existence  of  an  initial  lesion,  and  the 
comparative  rarity  with  which  such  lesions  remain  undiscovered 
in  the  male,  I  was  satisfied  that  the  character  and  distribution 
of  the  eruption;  the  "intense"  itching  said  to  have  been 
associated  with  certain  of  its  early  outbreaks;  the  urticarial 
character  indicating  a  degree  of  nerve  irritation  unusual  in 
syphilis,  but  in  this  case  noticeable  throughout  (as  a  welt, 
bright  red  in  color,  could  always  be  raised  by  slight  friction 
of  the  skin);  the  degree  of  the  fever  and  of  the  leukocytosis; 
the  unusual  enlargement  of  the  lymph  nodes  (which  much 
exceeded  in  size  that  of  typical  syphilitic  glands);  the  direct 
associations  of  the  symptoms  with  tonsillar  and  gastro- 
intestinal phenomena,  which  seemed  to  indicate  the  probable 
channels  of  infection;  the  severity  of  the  sternal,  substernal, 
and  general  thoracic  pain,  easily  explainable  by  an  enlarge- 
ment of  the  mediastinal  nodes,  comparable  to  that  noticed 
in  those  that  were  more  superficial  and  palpable,  but  most 
unusual  in  syphilis;  all  led  me  to  believe  that  the  theory 
above  mentioned  was  probably  correct  At  any  rate,  I  was 
quite  unwilling  to  join  in  a  diagnosis  of  syphilis  or  to  give  my 
approval  to  any  anti-syphilitic  treatment  which  could  only 
confuse  the  diagnosis  or  perhaps  make  a  positive  diagnosis 
impossible. 

"I  next  saw  the  patient  on  May  27, 1906,  and  found  that  in 
the  interval  the  eruption  had  largely  faded,  but  without  the 
development  of  any  deeper  lesions,  the  formation  of  scales, 
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the  occurrence  of  mucous  patches,  or  the  appearance  of 
alopecia.  In  other  words,  the  intervening  period  was  thor- 
oughly atypical  as  regarded  from  the  syphilitic  standpoint. 
Furthermore,  he  reported  to  me  that  he  had  had  several  mild 
attacks  of  tonsillitis,  on  each  of  which  occasions  the  eruption 
grew  worse,  and  this  was  followed  by  the  occurrence  of 
articular  pains  jumping  from  joint  to  joint,  and  sometimes 
severe  enough  to  be  quite  troublesome.  His  leukocytosis  in 
the  meantime  had  dropped  to  from  8000  to  10,000.  This 
seemed  to  me  to  warrant  persistence  in  my  original  opinion, 
which  at  this  date  (May  11th)  I  still  hold." 

Dr.  Henry  W.  Stelwagon  saw  the  patient  several  times 
prior  to  and  after  our  connection  with  the  case  and  has  kindly 
given  us  an  account  of  his  observations : 

"When  I  first  saw  the  eruption  about  November  1st,  it  had 
already  lasted  about  one  or  two  weeks.  It  consisted  of  dis- 
crete but  rather  numerous  rosy-red  macules,  with  but  slight, 
if  any,  elevation;  the  color  was  not  a  bright  red,  nor  could  it 
be  said  to  be  dull.  The  eruption  could  be  seen  over  trunk, 
upper  parts  of  the  arms  and  upper  parts  of  the  legs,  but  was 
for  the  most  part  upon  the  trunk.  The  lesions  increased  in 
number  for  a  week  or  more,  and  then  began  to  show  in  their 
central  portions  the  development  of  pin-point  to  a  pin-head 
sized  papules,  which  finally  increased  slightly  in  size,  but  the 
papule  was  never  as  large  as  a  small  pea,  holding  mostly  to 
the  size  of  a  medium-sized  pin-head.  The  papule  was  of  the 
same  color  as  the  macule  upon  which  it  developed.  Some 
new  macules  continued  to  appear  and  some  of  the  older  lesions 
became  less  distinct,  and  probably  some  disappeared.  There 
was,  however,  no  capriciousness,  as  there  was  more  or  less 
persistence  in  all  lesions;  but  there  was  a  variable  amount  of 
change  in  their  depth  of  coloring,  the  eruption  as  a  whole 
being  much  more  hypereemic  or  red  some  times  than  at  other 
times.  There  was  no  marked  crowding  together  nor  grouping 
of  the  macules.  At  this  time  there  was  no  scaliness,  but 
later  the  small  papules  were  here  and  there  capped  with  a 
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minute  scale.  U|)on  pressure  the  new  lesions  seemed  to 
disappear  entirely,  the  older  ones  left  a  slight  stain.  Before 
the  central  papulation  took  place,  the  eruption  was  strongly 
suggestive  of  a  macular  sj'philoderm,  but  the  lesions  were  of 
a  much  brighter  tint  than  was  to  be  expected  in  this  eruption, 
and  could  have  been  well  considered  as  possibly  a  toxic 
macular  erythema;  but  the  individual  lesions  were  much 
more  persistent  than  one  would  expect  in  the  latter  rash. 
About  the  same  time  that  the  central  papulation  was  develop- 
ing, some  macules  appeared  upon  the  forehead,  and  some 
upon  the  chin,  and  some  near  the  nose  and  near  the  mouth, 
and  later  some  of  these  showed  slight  scaliness,  suggesting  a 
patchy  seborrhoea.  Later,  probably  about  three  to  four 
weeks  after  my  first  seeing  the  eruption,  new  small  papules 
began  to  form  in  the  neighborhood  of  the  other  papules, 
especially  here  and  there  in  places,  and  the  eruption  became 
of  a  sluggish  hue  with  a  brownish  tinge.  When  this  condition 
had  fully  developed,  the  eruption  consisted  of  some  scattered 
macules,  many  with  central  papulation  and  irregular  groups 
of  brownish-red  papules,  the  whole  suggestive  of  a  macular 
syphiloderm  which  had  developed  into  an  ill-defined  and 
abortive  miliary  papular  syphiloderm.  As  before,  the  rash 
showed  some  variation  in  its  hypersemic  tinge  from  day  to 
day,  on  some  days  being  of  a  much  brighter  hue  and  of  a 
puzzling  character — too  bright  in  hue  for  a  syphilide;  on 
other  days,  when  the  hyperaimic  element  was  less  marked, 
the  diagnosis  of  a  syphilide  seemed  the  only  permissible  one. 
The  eruption  thus  persisted  with  slight  fluctuation  for  three 
or  four  months,  gradually  disappearing,  having  lasted  in  all 
about  four  to  five  months.  The  patient  had  a  rather  irritable 
skin  and  red  lines  and  streaks  could  be  easily  provoked  by 
rubbing,  and  it  was  due  to  this  irritability  of  the  skin,  as  it 
seems  to  me,  that  the  eruption  varied  in  its  depth  and  bright- 
ness of  coloring  from  time  to  time.  There  could  scarcely  be 
said  to  have  been  any  ilistinct  subjective  symptoms." 

In  view  of  the  confessedly  atypical  character  of  the  eruption, 
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the  complete  absence  of  syphilitic  history  and  the  negative 
result  of  the  clinical  examinations  our  thoughts  were  directed 
to  other  possible  explanations  of  the  curious  clinical  picture 
and  especially  the  cutaneous  and  glandular  features.  From 
the  beginning  there  was  a  strong  presumption  of  some  form 
of  toxic  or  infectious  disease  and,  in  view  of  the  long  con- 
tinuance of  the  symptoms,  more  decidedly  that  of  an  infection. 
The  onset  with  gastrointestinal  symptoms  and  tonsillitis, 
chills,  and  jaundice,  and  the  successive  development  of  fever 
a  skin  eruption  and  glandular  enlargement,  of  vague  general 
pains  and  more  localized  pains  under  the  sternum  and  in  the 
joints  all  suggest  a  systemic  infection.  The  occurrence  of 
leukocytosis  and  anemia  strongly  corroborates  this  view  and 
the  bacteriologic  examination  confirmed  it,  though  not  in  itself 
wholly  excluding  the  possibility  of  another  infection,  such  as 
syphilis,  not  certainly  demonstrable  to  cultural  methods. 

It  must,  of  course,  be  admitted  that  practically  all  of  the 
symptoms  referred  to  may  occur  in  the  early  stages  of  syphilis. 
Thus  the  repetition  of  tonsillitis,  the  development  of  early 
jaundice,  fhe  appearance  and  persistence  of  fever,  the  recur- 
ring eruption  in  the  skin  and  the  pains  and  leukocytosis,  all 
are  possible  manifestations  of  syphilis,  but  it  is  noteworthy 
that  each  of  these  occurred  in  a  manner  or  degree  quite  un- 
usual in  syphilis.  Placing  those  facts  alongside  of  the  denial 
of  venereal  or  other  syphilitic  infection  and  the  positive  and 
identical  results  of  culture  from  the  tonsils  and  blood  on 
several  widely  separated  occasions  the  presumption  seems 
to  us  a  very  strong  one  that  the  whole  condition  was  one 
due  to  a  form  of  streptococcus  infection  of  unusual  character. 

The  presence  in  the  tonsils  and  in  the  blood  on  two  oc- 
casions separated  by  one  or  two  months  of  a  streptococcus 
of  peculiar  character  and  properties  establishes  the  existence 
of  such  an  infection.  The  organism  was  certainly  not  of 
the  pyogenes  group  and  differed  both  culturally  and  morpho- 
logically from  any  of  the  streptococci  usually  encountered  in 
human^  pathology.    Though  not  in  every  respect  identical 
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with  the  descriptions  of  the  Streptococcus  equi  found  by 
Schutz  and  others  in  epidemic  coryza  and  glandular  enlarge- 
ment of  horses,  the  correspondence  was  suggestive. 

The  association  of  cutaneous  lesions  with  mild  or  severe 
forms  of  septicopysemia  and  with  rheumatic  polyarthritis  has 
been  recognized  for  a  long  time.  The  so-called  surgical 
scarlatina  (Thomas,  Riedinger)  is  a  simple  form  of  this 
condition.  It  may  present  itself  as  an  ordinary  erythema  or 
an  erythema  associated  with  urticaria  and  vesicles  (Gussen- 
bauer).  Brunner  has  recently  called  attention  to  this  con- 
dition and  determined  its  relation  to  streptococcus  infection. 
In  a  series  of  thirty-five  cases  of  septic  infection  Litten  found 
skin  lesions  in  80  per  cent.  Among  the  manifestations  were 
multiple  hemorrhages,  jaundice,  macular  erythema,  pemphi- 
goid lesions,  scarlatinous  and  morbilliform  erythema  with 
urticaria,  hemorrhagic  vesicles,  hemorrhagic  herpes,  phleg- 
mons, and  erysipelas.  I>eube  described  herpes,  hemorrhagic 
vesicles,  and  urticaria  as  associate  cutaneous  manifestations 
of  cryptogenetic  septicaemia.  Deenig  reports  the  dermal 
lesions  of  sepsis  as  of  the  type  of  erythema  multiforme. 

Kaposi,  in  calling  the  attention  to  the  association  of  joint 
manifestations  with  erythema  multiforme,  suggests  that  this 
relationship  suggests  an  etiological  kinship  or  identity.  A 
similar  view  has  been  put  forward  by  Sir  Dyce  Duckworth, 
Smith,  and  other  English  authors.  Boeck,  Fowler,  Garrod, 
Stewart,  and  Lasegue  have  referred  to  the  occurrence  of 
erythema  nodosum  or  multiforme,  or  rheumatism  and  endo- 
carditis as  consequences  of  tonsillitis,  and  Gerhardt,  Osier, 
and  Lewin  have  emphasized  the  association  of  erythema 
multiforme  with  endocarditis  and  other  grave  visceral 
lesions. 

If,  as  we  believe,  our  patient's  illness  was  due  to  a  peculiar 
form  of  streptococcic  infection  it  is  probable  that  the  tonsils 
were  the  original  seat  of  the  infection  and  portal  of  entrance 
of  the  organisms.  The  early  occurrence  of  distinct  pharyn- 
gitis and  tonsillitis  and  the  subsequent  repetition  of  attacks  as 
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well  as  the  appearance  of  the  tonsils  strongly  indicated  a  local 
condition  of  the  throat  as  the  course  of  the  continuous 
infection.  However,  as  this  is  a  matter  of  uncertainty  we 
have  used  the  title  cryptogenetic  infection,  though  we  are 
impressed  with  the  probable  tonsillar  origin  of  the  disease. 
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In  its  relation  to  medical  practice,  one  of  the  most 
remarkable  things  about  the  x-ray  is  the  tardiness  with 
which  there  was  any  realization  of  its  power  of  produc- 
ing very  marked  changes  in  other  tissues  than  those 
superficially  situated.  So  lar^e  a  number  of  persons 
have  for  years  been  exposed  to  the  action  of  the  x-ray 
that  it  seems  strange,  indeed,  that,  while  it  is  now 
known  to  have  very  decided  and  sometimes  profound 
constitutional  effects,  the  recognition  of  such  effects  by 
clinicians  has  come  only  after  years  of  use,  and  chiefly 
because  of  purely  empirical  and  even  haphazard  clinical 
observations.  In  fact,  for  some  time  after  it  became 
reasonably  evident  that  it  influences  the  general  organ- 
ism, many  persons  persistently  doubted  whether  the 
general  effects  were  actually  due  to  the  x-ray. 

X-RAY    AND    METABOLISM. 

At  present  this  doubt  is  thoroughly  dispelled,  for  more 
extended  trial  with  patients  and  with  animals  of  the 
clinical  effects  of  exposures,  histologic  studies  of  the 
tissues  of  human  beings  and  of  animals  that  have  been 
exposed,  and  investigations  of  the  influence  of  the  x-ray 
on  metabolism  have  all  shown  that  it  has  in  some  in- 
stances, and  particularly  on  some  tissues,  a  most  ener- 
getic and  powerful  effect.  In  spite  of  the  continued  and 
already  extremely  impressive  accumulation  of  facts  re- 
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luting  to  this  point,  there  is  as  yet,  it  appears  to  me,  an 
insuiiicieut  appreciation  of  its  importance  to  clinicians. 
With  agents  that  are  introduced  nowadays  for  diagnos- 
tic or  therapeutic  purposes,  it  is  customary,  as  a  rule,  to 
study  the  manner  of  action,  to  reflect  carefully  on  the 
character  of  the  cases  in  which  the  effects  are  likely  to 
be  useful  and  those  in  which  they  may  be  harmful,  and 
particularly  to  determine  all  these  points,  as  far  as  pos- 
sible, by  purposeful  experiments  before  such  agents  are 
used  freely  with  human  beings.  With  the  x-ray,  on  the 
contrary,  the  method  that  has  been  adopted  has  been 
to  try  its  effect  for  both  diagnostic  and  therapeutic  pur- 
poses on  all  manner  of  conditions,  and  only  gradually, 
largely  by  painful  experience,  to  learn  that  it  may 
have  dangerous  effects,  and  seems  usually  to  have  note- 
worthy general  effects  if  the  organs  active  in  metabolism 
are  exposed  to  its  influence;  while,  at  the  same  time, 
in  this  somewhat  hazardous  way,  it  has  been  empirically 
or  by  lucky  chance  learned  that  some  general  affections 
are  benefited,  some  are  not  in  any  noteworthy  degree 
altered,  and  some  perhaps  are  harmed. 

Partial  justification  for  the  risks  that  have  been  run 
may  be  found  in  the  novel  power  of  the  a;-ray  to  picture 
many  conditions  of  the  internal  organs,  when  this,  of 
course,  had  previously  been  wholly  impossible.  The 
manifestly  great  value  of  this  from  a  diagnostic  stand- 
point, and  the  fact  that  profoundly  dangerous  effects  are 
unusual  and  other  less  dangerous  but  nevertheless  de- 
plorable results  of  its  use  are  often  unnoticed  for  a 
long  time  or  have  but  an  inconspicuous  relation  to  the 
exposure  to  the  a;-ray,  led  to  a  rather  natural  and  whollv 
humane  desire  to  determine  as  widely  as  possible  its 
value  in  diagnosis;  and  an  empirical  study  of  its  thera- 
peutic relations  somewhat  naturally  followed  this.  It 
is  not  surprising  that  some  of  the  evil  results,  sterility, 
for  example,  were  long  overlooked,  for  this  effect  is  not 
one  that  becomes  apparent  readily ;  and  it  could  with  dif- 
ficulty have  been  decisively  attributed  to  the  x-ray,  were 
it  not  that,  the  possibility  having  once  arisen,  experi- 
ment readily  demonstrated  conclusively  that  exposures 
may  produce  it.  The  same  is  true  to  a  less  marked  de- 
gree of  nephritic,  for  this  affection  may  run  so  silent  a 
course  as  to  have  little  evident  relation  to  its  cause ;  and, 
likewise,  late  toxic  reactions,  as  well  as  mild  and  rather 
indefinite  early  toxic  reactions,  are  difficult  to  attribute 


clearly  to  the  x-ray  unless  attentiou  is  carefully  dirwtcii 
toward  proving  this  point.  Nevertheless,  it  can  hardl}  be 
said,  1  think,  that,  because  its  manner  of  action  was  un- 
known, the  empirical  method  of  determining  which  cases 
were  suited  and  which  were  unsuited  to  z-ray  expo:*ure8 
was  necessary,  if  an  agent  so  evidently  valuable  was  to  be 
used  at  all.  We  are  not,  as  a  rule,  in  haste  to  experiment 
with  human  beings  in  regard  to  the  effects  of  new  drugs 
until  we  have  determined  whetlier  or  not  they  have  note- 
worthy constitutional  effects,  and,  if  they  have  such 
effects,  which  tissues  in  particular  they  influence;  but 
in  the  case  of  the  z-ray  no  extensive  attempt  was  made 
to  determine  that  it  had  general  effects  until  remarkable 
results  of  its  empirical  use,  partly  favorable  and  partly 
disquieting,  demonstrated  that  it  actually  has. 

That  the  empirical  and  not  the  experimental  method 
of  study  was  first  used  with  the  a;-ray  is,  1  believe,  much 
more  largely  the  fault  of  those  of  us  who  are  medi- 
cal and  surgical  clinicians  than  of  those  who  are 
specialists  in  the  use  of  the  x-ray ;  for,  in  the  first  place, 
the  latter,  in  a  large  proportion  of  instances,  receive  their 
patients  from  clinicians  for  the  single  purpose  of  having 
them  exposed  to  the  x-ray,  the  clinician  being  responsible 
for  its  use,  while  the  x-ray  specialist  merely  carries  out 
the  clinician's  orders  in  a  skilful  manner,  and,  in  the 
second  place,  it  is  essentially  the  duty  of  the  clinician, 
before  any  measures  are  recommended  by  him,  no  matter 
who  conducts  them,  to  determine  or  to  have  determined 
the  main  features  of  its  good  or  bad  general  effects. 

As  has  already  been  stated,  we  now  have  suflBcient  evi- 
dence of  decided  general  effects,  and  there  is  no  longer 
any  question  that  we  should,  as  far  as  possible,  decide  on 
its  use  in  the  same  manner  as  we  determine  with  other 
agents  whether  they  shall  or  shall  not  be  employed.  It 
appears  to  me,  therefore,  to  be  of  much  importance  to 
determine,  as  far  as  we  may,  the  general  nature  of  ib» 
action,  in  order  that  an  agent  that  has  already  become 
so  valuable,  especially  in  diagnosis,  may  not  have 
further  discredit  thrown  on  it  through  encountering 
dangers  in  its  use  that  might  have  been  avoided  bv 
proper  study,  and  in  order  that  its  usefulness  may  be 
rationally  extended  into  proper  channels.  A  somewhat 
extensive  series  of  studies  of  the  effect  of  the  x-ray  on 
metabolism  in  various  medical  conditions  that  I  have 
made  in  the  last  eighteen  months,  part  of  which  I  have 


described,  part  remaining  as  yet  unreported,  together 
with  some  investigations  of  others  on  the  same  point, 
have  shown  that  the  influence  on  metabolism  is,  in  some 
instances,  most  violent;  that  it  occurs  even  in  normal 
persons,  and  that  apparently  when  a  general  influence 
is  clinically  evident  it  is  always  associated  with  decided 
changes  in  metabolism.  These  changes  in  metabolism 
are  due  largely,  if  not  entirely,  to  tissue  destruction  that 
occurs  chiefly  in  those  tissues  rich  in  nucleoprotein,  and 
ihey  are  evidenced  most  particularly  by  an  increase  in 
the  total  nitrogen  output,  with  ordinarily  a  relatively 
large  output  of  uric  acid,  nurin  bases  and  phosphates, 
the  substances  that  indicate  the  degree  of  nucleoprotein 
destruction.  Extensive  histologic  studies  by  various 
authors,  among  whom  Warthin  is  most  conspicuous  in 
this  country,  show  that  the  special  tissues  most  severely 
affected  are  the  bone-marrow,  spleen  and  lymphoid  tis- 
sues; the  effect  on  these  tissues  being,  indeed,  so  much 
more  marked  than  on  any  others  as  to  be  almost  specific. 

My  studies  in  metabolism  have  further  pointed  out 
some  facts  that  were  previously  less  clear  or  not  at  all 
evident  and  that  are  of  very  considerable  clinical  inter- 
est and  importance.  For  example,  they  have  shown  that 
at  times  a  single  exposure  of  ordinary  severity  may  have 
a  most  profound  influence  on  metabolism  and  one  that 
may  show  itself  for  many  days  afterward.  The  effect 
of  an  ordinary  dose  may,  in  fact,  be  more  severe  than 
the  effect  of  a  similar  dose  of  any  other  therapeutic 
agent  with  which  I  am  acquainted,  and  may  either  be 
extremely  useful  clinically  or  so  dangerously  violent  as 
to  hasten  death,  and  perhaps  even  to  cause  it  when  it 
would  otherwise  have  been  avoided,  I  would  note,  also, 
that  in  one  instance  an  exposure  for  an  a;-ray  picture, 
only  eight  seconds  in  duration,  although  actually  a  mod- 
erately severe  exposure,  produced  so  striking  an  effect 
in  one  patient  (a  case  of  unresolved  pneumonia)  that 
he  excreted  more  than  double  the  amount  of  nitrogen 
and  nearly  double  the  amount  of  chlorids  that  he  had 
passed  in  equal  periods  previously;  the  effect  in  this 
case  having  been  highly  beneficial,  but  so  violent  that 
in  some  disorders  it  might  evidently  have  been  most 
dangerous.  This  point  is  of  interest  and  importance,  in 
that  it  demonstrates  the  possibility  of  occasional  dan- 
gerous effects  from  the  mere  diagnostic  use  of  the  x-ray. 

Further,  I  would  direct  especial  attention  to  the  sue- 


gestiveness  of  an  observation  that  I  made  when  study- 
ing the  metabolism  of  a  case  in  which  a  severe  toxic 
reaction  occurred.  1  have  the  records  of  three  cases 
m  which,  after  one  exposure,  there  was  a  reaction  so 
severe  as  to  make  the  patient  profoundly  ill,  and  in  two 
of  these  cases  death  occurred,  while  tlie  third  patient 
had  a  narrow  escape.  In  only  one  instance  was  I  per- 
sonally responsible  for  the  use  of  the  x-ray.  In  two  of 
these  cases  I  was  studying  the  condition  of  metabolism 
before  the  reaction  occurred,  and  I  continued  the  ob- 
servations afterward,  and  was  thereby  enabled  to  de- 
termine that  with  the  reaction  certain  marked  changes 
occur  that  had  not  previously  been  noted  and  that  help,  1 
think,  to  make  clearer  the  nature  of  this  disturbance. 
The  special  features  of  metabolism  in  these  cases  I  have 
described  elsewhere  and  need  not  repeat,  but  the  point 
that  I  wish  to  emphasize  here  is  that  in  one  of  these  cases 
it  was  clinically  not  clearly  evident  that  the  x-ray  ex- 
posure produced  the  severe  illness  that  followed  it.  In- 
deed, the  careful  clinician  that  had  charge  of  the  patient 
had  not  considered  the  probability  that  it  was  due  to 
that  cause;  for  the  man  had  been  more  or  less  ill  foi 
some  time,  and  it  was  rather  naturally  supposed  that  the 
increased  illness  was  merely  an  accentuation  of  the  pre- 
vious condition  and  that  it  occurred  at  the  time  it  did 
through  pure  coincidence.  But  the  patient's  metabolism 
showed  the  same  peculiar  changes  as  those  seen  in  an- 
other case  during  what  was  clearly  a  severe  and  almost 
fatal  reaction  to  an  x-ray  exposure,  and  I  think,  there- 
fore, that  there  is  little,  if  any,  doubt  that  the  added 
symptoms  in  the  man  under  particular  discussion  were 
due  to  the  x-ray. 

1  would  also  particularly  note  that  this  man  received 
an  intentional  and  direct  exposure  only  over  one  arm 
from  the  elbow  down;  though  the  trunk  was  not 
screened,  and  hence  he  undoubtedly  got  a  general  ex- 
posure which,  while  distant,  was  nevertheless  an  ex- 
posure to  the  deeply  penetrating  rays.  It  was,  however, 
mild  and  was  of  but  five  minutes*  duration,  the  intensity 
of  the  general  exposure  having  certainly  been  less  than  is 
commonly  used  in  their  diagnostic  or  therapeutic  expo- 
sures. In  addition  to  this,  I  would  draw  attention  to  the 
fact  that  the  other  patient  whose  metabolism  I  studied 
at  the  time  of  the  toxic  reaction,  and  who  showed  pro- 
found  clinical   svmptoms   and  violent  disturbance   of 
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metabolism,  received  what  Dr.  Pancoast  tells  me  was  the 
mildest  exposure  he  had  ever  given. 

It  seems  to  me  that  the  moral  to  be  drawn  from  these 
cases  is  that  we  must  be  on  the  watch  for  mild  or  mod- 
erate symptoms,  as  well  as  for  severe  ones,  after  x-ray 
exposures;  and  must  be  prepared  to  determine  fairly 
and  justly  whether  unfavorable  symptoms  of  some  de- 
gree are  not  much  more  commonly  due  to  the  rc-ray  than 
we  have  hitherto  believed  and  whether  their  relation  to 
the  a:-ray  has  not  been  obscured  by  pre-existing  disor- 
ders, which,  instead  of  the  a;-ray,  have  been  held  respon- 
sible for  the  increased  symptoms.  I  think  most  con- 
scientious and  conservative  a:-ray  specialists  already  be- 
lieve that,  at  least  to  some  extent,  this  is  true,  and  it 
appears  to  me  to  be  highly  probable,  for,  as  I  have  said, 
even  extremely  mild  exposures  may  produce  very  great 
alterations  in  metabolism,  and  it  is  but  natural  that  this 
might  not  uncommonly  cause  unfavorable  symptoms  in 
persons  that  already  had  serious  disease. 

CAEE   NEEDED   IN    USE   OF   X-RAY. 

In  consideration,  then,  of  the  various  facts  that  we 
have  learned  in  recent  years  I  believe  that  we  should 
recast  our  attitude  in  regard  to  the  use  of  the  a;-ray 
even  more  decidedly  than  we  have  done.  As  far  as  I  am 
able  to  judge,  the  great  majority  of  clinicians  look  on 
the  a;-ray,  first  of  all,  as  an  agent  that  makes  valuable 
pictures  and  that  does  good  in  some  diseases;  and  only 
secondarily  and  somewhat  distinctly  as  an  agent  that  has 
powers  for  harm  and  has  been  known  to  do  harm.  The 
attitude  that  appeals  to  me  as  a  suitable  one  for  the  care- 
ful clinician  to  assume  is  that  the  x-ray  is,  first  of  all, 
an  agent  that  has  as  active  an  effect  on  the  organism  as 
has  a  powerful  dose  of  medicine;  that  it  is  not  to  be 
used  at  all,  therefore,  unless  there  is  some  reasonably 
evident  useful  purpose  in  view ;  that  with  those  that  are 
seriously  out  of  health  it  is  to  be  used  at  first  tentatively 
and  with  brief  and  mild  exposures;  that  in  case  fairly 
definite  contraindications  can  be  found  to  exist  persons 
that  present  such  contraindications  shall  not  be  exposed 
at  all,  unless  cogent  reasons  for  doing  so  seem  to  out- 
weigh those  to  the  contrary;  and,  finally,  that  the  clini- 
cian should  not  order  a  patient  to  be  exposed  to  the  x- 
ray  unless  he  has  taken  measures  of  a  simple  and  reason- 
able character  to  determine  that  there  are  no  easily  rec- 


ogoizable  conditions  present  that  appear  to  contraindi- 
cate  its  use,  or,  if  such  are  present  and  he  utill  desires 
to  use  it,  he  should  acquaint  the  x-ray  specialist  of  the 
fact  of  their  presence,  in  order  that  especial  caution  may 
be  exercised.  Furthermore,  the  clinician  should  know 
that  the  individual  x-ray  specialist  to  whom  he  refers 
patients  protects  habitually,  as  far  as  this  can  be  done, 
all  parts  except  those  that  require  exposure,  by  properly 
screening  them. 

These  rules  may  appear  somewhat  severe,  in  contrast 
with  the  easy  freedom  with  which  the  x-ray  has  long  been 
used,  but  1  am  sure  that  most  thoughtful  x-ray  special- 
ists will  agree  with  me  that  they  are,  in  the  main, 
proper,  and  1  know  that  a  limited  number  of  clinicians 
do  nearly  all  these  things  already.  I  may  seem  extreme 
in  having  purposely  constructed  my  statements  so  that 
they  mean  that  a  physician  or  surgeon  should  not  lightly 
and  without  considerable  knowledge  of  his  patient  have 
him  exposed  to  the  x-ray  for  either  diagnostic  or  thera- 
peutic purposes.  I  believe  that  this  is  a  proper  attitude, 
but  I  would  hasten  to  explain  that  I  do  not  wish  to  ex- 
hibit or  to  excite  in  others  an  hysterical  fearfulness  of 
the  x-ray  or  the  feeling  that  the  dangers  are  imminent 
and  ever  present.  I  shall  perhaps  make  myself  clearer 
through  an  analogy  with  the  use  of  anesthetics :  There 
are  dangers  associated  with  their  use,  and  no  one  think? 
of  recommending  that  they  be  used  unless  he  has  a 
clearly  defined  purpose  in  doing  so.  Even  with  persons 
apparently  well,  it  is  a  general  custom  to  determine 
first  that  the  patient  is  not  the  subject  of  any  disease 
that  renders  the  use  of  an  anesthetic  possibly  or  cer- 
tainly dangerous  to  a  degree  that  makes  one  question 
the  wisdom  of  using  it  at  all  with  him  individually, 
and  if  such  disease  be  found  and  it  is  still  decided  to  be 
best  to  proceed  both  surgeon  and  anesthetizer  do  so  with 
particular  caution.  Such  precautions  are  taken  almost 
automatically  nowadays  and  no  one  considers  them  rm- 
reasonably  burdensome. 

What  I  have  said  in  regard  to  the  use  of  the  x-ray 
amounts  to  much  the  same  thing,  merely  modified  some- 
what to  suit  the  different  conditions.  I  would  not  urge 
that  the  x-ray  be  used,  each  time  that  it  is  employed, 
with  ponderous  and  fearful  thought  of  its  dangers  and 
that  it  be  used  only  when  one  unwillingly  feels  that  he 
can  not  escape  it ;  but  I  would  urge  that  its  unnecessary 
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use  be  discarded,  and  particularly  its  repeated  use,  when 
one  exposure  has  given  all  the  information  that  is  likely 
to  be  gained  and  when  further  exposures  are  undertaken 
largely  from  restless  diagnostic  curiosity.  With  cases 
in  which  rapid  diagnosis  of  fractures  or  the  like  is  de- 
sired, or  when  a  small  area  is  to  be  treated  for  epithe- 
lioma or  other  superficial  disease,  I  would  not  advise 
hesitation  in  its  use  or  recommend  any  especial  precau- 
tions, except  the  extremely  important  precaution  of  lim- 
iting the  exposure  as  carefully  as  possible  to  the  area 
that  is  intentionally  exposed.  It  is,  I  think,  part  of  the 
clinician's  duty  to  his  patient  to  determine  that  the  x- 
ray  specialist  that  does  the  work  recognizes  the  necessity 
for  habitually  doing  this.  Even  with  robust  persons  it 
is  desirable,  simply  because  it  is  always  unwise  to  ad- 
minister to  any  one  an  unnecessary  dose  that  has  an 
active  and  ill-understood  effect  on  metabolism,  and  this 
is  still  more  true  if  repeated  exposures  are  given.  With 
persons  that  are  already  seriously  out  of  health  it  is 
even  more  urgently  desirable,  as  is  emphatically  illus- 
trated by  the  case  that  I  have  noted,  in  which  a  severe 
reaction  followed  an  exposure  of  the  lower  part  of  one 
arm,  and  in  which  this  could  probably  have  been  largely 
or  entirely  avoided  had  the  other  portions  of  his  person 
been  protected. 

In  cases  that  require  extensive  exposures,  even  though 
these  be  only  over  the  extremities,  and  even  though  the 
trunk  can  be  protected,  we  are  treading  on  somewhat 
more  dangerous  ground  and  should  go  somewhat  more 
cautiously.  I  have  seen  one  case  of  pernicious  anemia 
in  which  an  exposure  over  the  thighs  produced  a  reac- 
tion that  was  the  cause  of  a  violent  access  of  symptoms 
soon  ending  in  death.  The  bone  marrow  is  known  to  be 
one  of  those  tissues  that  exhibit  peculiar  sensitiveness 
to  the  a^-ray.  Hence,  when  large  areas  of  marrow  are 
exposed,  bad  results  may  readily  follow.  In  healthy 
persons,  the  possibilities  of  harm  are  so  distant  that 
they  probably  do  not  deserve  very  serious  thought,  but 
it  is  desirable  that  before  exposure  an  examination  of 
the  patient,  which  should  include  an  ordinary  examina- 
tion of  the  urine  and  some  consideration  of  the  general 
features  of  his  case,  should  have  furnished  evidence  that 
he  is  reasonably  healthy.  If  he  is  distinctly  out  of 
health,  I  think  that  the  indications  for  the  use  of  the  ar- 
ray, even  for  diagnostic  purjjoses,  should  be  definite  and 
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at  least  moderately  forcible  before  it  is  used  OTer  exten- 
sive areas.  If  he  presents  certain  forms  of  disease  that 
I  shall  mention  soon,  I  think  the  x-ray  should  be 
avoided,  if  possible,  and,  if  it  is  employed  at  all,  it 
should  be  used  with  great  caution  and  under  the  stress 
of  urgent  indications. 

In  the  case  of  exposures  of  the  trunk,  all  I  have  just 
said  may  be  applied  with  some  added  emphasis.  Healthy 
or  moderately  healthy  persons  are  not  at  all  likely  to  be 
harmed  by  them,  but  patients  should  not  have  them 
given  in  the  first  instance  or  have  them  repeated,  unless 
there  is  good  occasion  for  doing  so,  and  unless  it  has 
actually  been  determined  that  these  persons  are  not 
seriously  out  of  health.  With  persons  whose  health  is 
decidedly  disturbed,  there  should  be  serious  considera- 
tion of  the  propriety  of  extensive  exposures  before  they 
are  undertaken;  there  should  be  a  tendency  to  avoid 
them  unless  they  are  very  distinctly  indicated;  and  one 
should  have  as  clear  a  knowledge  as  possible  of  the 
patient*s  general  condition  before  ordering  the  exposure 
I  have  some  doubt,  even,  of  the  propriety  and  safety 
of  the  use  of  plates  and  the  fluoroscope  in  the  diagnosi> 
of  cardiac  and  pulmonary  disease,  in  case  the  patient 
has  much  circulatory  incompetence  or  a  noteworthy  de- 
gree of  infectious  toxemia;  and  in  such  conditions  1 
especially  question  the  wisdom  of  the  frequent  and  often 
rather  regardless  use  of  this  method  that  has  not  un- 
commonly been  adopted  in  recent  times  by  enthusiasts 
Personally,  I  use  the  x-ray  for  diagnosis  in  both  cardiac 
and  pulmonary  disease,  but  I  use  it  only  when  it  seemp 
especially  desirable  because  other  methods  are  insuJBB- 
cient,  and  in  employing  it  I  try  to  use  well-considered 
caution. 

In  bringing  together  the  limitations  to  be  placed  on 
the  use  of  any  measure,  one  escapes  with  diflBculty,  if  at 
all,  the  danger  of  over-emphasizing  the  evils.  I  have 
tried  to  avoid  this,  but,  lest  I  have  not  succeeded  in 
doing  so,  T  would  again  insist  that  my  purpose  has  not 
been  to  urge  a  general  restriction  of  the  use  of  the  x-ray 
in  all  sorts  of  cases,  but  rather  to  plead  for  its  use  in  a 
manner  that  guards,  as  far  as  possible,  against  dangers 
that  are,  in  occasional  instances,  known  to  be  great  and 
that  are  probably  not  uncommonlv  encountered  in  milder 
and  less  evident  forms.  I  have,  further,  desired  to  urge 
that  occasionally,  in  cases  that  past  or  future  experience 
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may  lead  one  to  think  especially  unsuitable,  its  use  should 
be  discarded  altogether  or  should  be  undertaken  only 
with  caution  and  after  a  just  balancing  of  the  good  and 
evil  chances  has  made  the  latter  appear  to  be  the  lesser. 
1  have  insisted  on  caution  with  all  those  that  are  seri- 
ously out  of  health,  unless  the  exposure  is  limited  to  a 
narrow  area,  and  1  think  reasonable  conservatism  justi- 
lles  this  view.  A  certain  degree  of  freedom  must  neces- 
sarily be  exercised  in  deciding  which  cases  require  es- 
pecial caution  and  much  more  knowledge  and  experience 
will  be  needed  before  we  can  be  generally  accurate  in  this 
regard. 

DISEASES  -  THAT    SUGGEST    SPECIAL    DANGERS    IN    USE    OF 
X-RAY. 

There  are  at  present,  however,  certain  points  in  our 
knowledge  that  indicate  that  the  most  noteworthy  dan- 
gers are  to  be  expected  in  those  diseases  in  which  there 
would  be  particular  difficulty  in  completely  disintegrat- 
ing and  in  excreting  the  products  of  the  tissue  break- 
down that  the  a:-ray  causes;  and  two  groups  of  disorders 
seem  to  deserve  more  careful  consideration  in  this  re- 
spect than  any  others  with  which  we  are  as  yet  familiar. 

One  of  these  has  become  pretty  well  known.  Clinical 
and  pathologic  observation  has  shown  that  nephritis  may 
follow  x-ray  exposures,  and  the  enormous  increase  in 
excretion  that  sometimes  follows  exposure  makes  it  evi- 
dent that  the  kidneys  are  likely  to  suffer.  From  the  oc- 
casional occurrence  of  nephritis,  therefore,  as  well  as 
'.Tom  observations  on  metabolism,  we  must  conclude 
that  with  those  patients  who  already  have  nephritis  or 
those  whose  kidneys  are  under  especial  strain  a:-ray  ex- 
posures should  be  guardedly  used  or  excluded. 

The  other  group  has  been  suggested  to  my  mind  by 
the  fact  that  all  the  cases  in  which  I  have  seen  evidently 
serious  results  were  already  subjects  of  a  considerable 
degree  of  toxemia.  It  would  seem  highly  probable  that 
a  person  already  struggling  with  a  toxemia  would  be 
more  likely  than  a  normal  person  to  suffer  ill  effects  to 
his  organs  of  metabolism,  as  well  as  to  his  kidneys,  if, 
in  addition  to  his  previous  burdens,  he  were  suddenly 
required  to  complete  the  disintegration  and  excretion 
of  a  large  mass  of  broken-down  tissues.  It  appears 
to  me,  therefore,  that  those  who  are  to  any  noteworthy 
degree  toxic  from  metabolic  disorder  or  infectious  dis- 
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ease  should  not  be  exposed  without  great  caution  and 
without  urgent  reasons. 

It  is  probable  that  a  third  group  with  which  we  should 
proceed  very  cautiously  is  constituted  by  those  cases 
chat  are  very  anemic-  The  tissue-destroying  effect  of 
the  x-ray  is  so  largely  exerted  on  the  blood-building 
organs  that  it  might  readily  cause  serious  embarrass* 
ment  if  these  organs  are  already  insufficient,  and  I  have 
notes  of  two  patients  with  pernicious  anemia  who  became 
profoundly,  indeed,  fatally,  ill  after  one  exposure.  On 
the  contrary,  I  know  two  patients  with  the  same  disease 
that  were  benefited,  one  very  greatly  and  rapidly  bene- 
fited, by  x-ray  treatment,  and  it  is  possible  that  in  some 
circumstances  ordinary  doses  may  destroy  or  at  least  seri- 
ously damage  large  portions  of  the  blood-building  or- 
gans, while  in  other  circumstances  the  same  dose  may 
influence  them  favorably.  It  is  possible,  too,  that  toxe- 
mias may  at  times  be  favorably  influenced,  and  it  must 
likewise  be  admitted  that  the  effect  is  not  damaging 
in  every  case  of  nephritis.  Nevertheless,  in  our  present 
limited  state  of  knowledge,  it  seems  wise  to  be  exceed- 
ingly cautious  with  cases  of  nephritis,  of  marked  toxe- 
mia, and  of  decided  anemia,  and  particularly  with  those 
cases  in  which  there  is  pronounced  anemia  in  associa- 
tion with  a  distinctly  toxic  state.  I  believe  that  further 
clinical,  metabolic  and  other  accurate  studies  of  the  con- 
traindications, as  well  as  of  the  indications,  for  the  use 
of  the  x-ray  constitute  a  valuable  field  of  investigation, 
and  it  seems  to  me  to  be  extremely  desirable  that  clini- 
cians make  it  a  general  custom  to  observe  patients  very 
carefully  after  x-ray  exposures,  in  order  to  determine 
whether  noteworthy  after-symptoms  seem  to  be  common, 
even  though  the  patients  appear  to  be  doing  well  under 
the  exposures,  and  particularly  to  make  careful  studies 
of  the  urine  in  a  large  number  of  cases.  The  result  of 
such  observation  would  not  be  to  throw  further  discredit 
on  the  x-ray,  but  to  make  it  possible  to  use  it  more 
rationally  and  with  more  logical  judgment. 

I  may  not  improbably  be  met  with  the  objection  from 
various  sources  that  as  y^t  there  are  but  a  limited  number 
of  dangers  known  to  be  associated  with  the  use  of  the  x- 
ray  and  that  the  number  of  cases  known  to  have  been 
seriously  damaged  is  small.  I  think  this  objection  may 
be  met  with  sufficient  force  by  the  statement  that  the 
dangers  of  the  x-ray  have  been  recognized  for  only  a 
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comparatively  short  time,  and  that  there  has  consequent- 
ly been  relatively  little  opportunity  to  determine  how 
great  and  how  numerous  they  are ;  and  that,  in  spite  of 
this,  a  very  considerable  number  of  cases  that  have  been 
injured  have  been  described.  The  histologic  studies 
and  the  studies  of  metabolism  that  have  thus  far  been 
made  make  it  wholly  rational  to  expect  that  the  dangers 
are  more  frequent  than  we  yet  know,  and  the  standpoint 
that  appears  to  me  to  be  wise  and  proper  is  not  to  be- 
little the  dangers  and  attempt  blindly  to  escape  them, 
but  to  determine  in  whatever  ways  are  open  to  use  what 
they  are  and  how  they  may  be  avoided. 

THERAPEUTIC  VALUE  OF  THE  X-RAY. 

I  have  thus  far  dealt  almost  entirely  with  the  points 
that  should  limit  or  discourage  the  use  of  the  a:-ray  and 
I  have  done  this  purposely  because,  while  these  points 
are  still  haz}',  they  are,  nevertheless,  more  definite  and 
demand  more  immediate  attention  than  those  that  relate 
to  new  indications  for  its  use.  Still,  as  I  said  earlier, 
one  should  have  in  mind  not  only  the  determination  and 
restriction  of  the  dangers,  but  also  the  discovery  of  new 
channels  of  usefulness.  An  agent  that  has  a  profound 
effect  on  metabolism  is  not  likely  to  exercise  this  effect 
solely  in  an  evil  way  if  proper  opportunities  for  doing 
good  with  it  are  sought  out.  It  is  evident  already  that 
in  leukemia  and  in  some  other  general  disorders  metab- 
olism may  be  stirred  up  by  the  a:-ray  to  the  accomplish- 
ing of  at  least  transitory  good,  and  it  appears  to  me 
probable  that  some  other  disorders  of  metabolism  not 
yet  known  to  be  benefited  by  the  x-ray  might  be  im- 
proved through  its  use.  Up  to  the  present  my  observa- 
tions in  this  direction,  which  have  been  limited  in  num- 
ber and  have  been  undertaken  only  in  cases  that  seemed 
to  be  proper  to  subject  to  exposures,  have  remained  of 
little  or  no  therapeutic  value,  except  in  one  condition,  in 
which  they  have  been  quite  encouraging. 

I  have  had  the  a;-ray  used  in  two  cases  of  gout,  a  dis- 
ease that  has  repeatedly  been  treated  in  this  way.  The 
clinical  results  in  other  instances,  as  well  as  in  these  two 
cases,  have,  I  think,  been  doubtful  or  discouraging.  The 
studies  of  metabolism  that  I  made  with  Dr.  Fife  in  these 
two  case=,  during  the  time  that  they  were  under  treat- 
ment, showed  that  the  exposures  had  no  influence  in 
stopping  or  warding  off  the  disturbances  of  metabolism 
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that  are  associated  with  the  attacks.  Likewise,  in  two 
cases  of  diabetes  that  were  subjected  to  this  treatment  no 
changes  of  consequence  could  be  demonstrated  in  the 
clinical  condition  or  in  the  excretion  of  sugar  and  ace- 
tone bodies.  I  tried  the  effect  of  the  x-ray,  also,  on  a 
case  of  persistent  headache  associated  with  a  deposit  of 
oxalates  in  the  urine,  and,  while  the  increase  in  general 
metabolism  that  has  usually  been  observed  was  noted  in 
this  case,  there  was  no  change  in  the  amount  of  oxalic 
acid  that  was  determined  to  be  present  and  the  clinical 
condition  was  not  altered. 

In  several  cases  of  unresolved  pneumonia  I  have  had 
promising  results.  I  used  the  x-r&y  in  these  cases  be- 
cause I  believe  that  it  probably  acts  chiefly  through  in- 
creasing the  velocity  of  some  ferment  processes  and  be- 
cause in  unresolved  pneumonia  it  is  probable  that  the 
ferment  processes  that  should  and  ordinarily  do  dis- 
solve the  exudate  are  ineffectual.  In  three  such  cases 
the  clinical  effect  was  a  rapid  clearing  up  of  most  or  all 
he  signs,  and  in  two  of  these  cases  in  which  Dr.  Pember- 
.on  and  I  studied  the  metabolism  we  observed  a  tre- 
jiendous  influence  that  was  coincident  with  the  improve- 
nent  in  the  physical  signs,  the  metabolic  alterations 
having  been  of  much  the  same  quality  and  degree  as 
those  that  are  seen  at  the  time  of  an  ordinary  successful 
crisis.  These  latter  results  are,  then,  encouraging. 
While  the  others  mentioned  are  not  so,  I  believe  that 
there  is  certainly  constructive  work  to  be  done  in  search- 
ing out  the  therapeutic  relations  of  the  ar-ray,  and  not 
simply  the  more  destructive  type  of  work  that  I  have 
chiefly  discussed  earlier.  I  think  this  is  particularly 
true  if  the  work  be  planned  with  the  view  that  this 
agent  has  a  lively  influence  on  metabolic  processes,  par- 
ticularly on  those  that  occur  in  the  spleen,  the  lymphatic 
tissues,  and  the  bone  marrow,  and  if  it  be  carried  out 
with  a  calm  but  definite  appreciation  of  the  restrictions 
that  should  be  placed  on  any  such  experiments  in  thera- 
peutics. 
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General  atrophy  that  is  associated  with,  and  ap- 
parently stands  in  direct  relation  to,  a  greater  or  lesser 
degree  of  preceding  intestinal  disturbances  occupies  a 
position  of  profound  importance  in  the  pathology  of  in- 
fancy. Marasmus  is,  indeed,  so  common  and  often  so 
intractable  that  the  laity  are  almost  as  familiar  with  its 
general  features  as  are  physicians.  Much  less  commonly, 
but  still  occasionally,  a  condition  that  is,  in  its  chief 
clinical  features,  apparently  the  same  as  the  atrophy  of 
infancy,  appears  in  early  childhood.  In  later  life,  typ- 
ical cases  of  this  kind  are  rare ;  there  are,  however,  very 
many  instances  of  serious  disturbance  of  general  nutri- 
tion that  seem  to  bear  a  direct  relation  to  intestinal 
trouble,  but  are  too  pronounced  in  their  general  features 
to  be  satisfactorily  explained  by  the  mere  loss  of  nutri- 
ment that  occurs  "through  lack  of  digestion  and  absorp- 
tion— for  these  patients  may  still  be  absorbing  an 
amount  sufficient  to  maintain  or  improve  nutrition,  and 
yet  they  emaciate  or  remain  about  stationary  in  a  condi- 
tion of  more  or  less  profoundly  depraved  general  nutri- 
tion. Cases  of  this  kind  have  recently  been  studied  by 
Roehl,  who  decides  that  the  disturbance  of  nitrogen  ab- 
sorption does  not  suffice  to  explain  the  tissue  loss;  and 
the  general  absorption  is  at  times  quite  sufficient  to 
cover  their  needs. 

THEORIES    REGARDING    ATHREPSIA. 

An  immense  amount  of  work  has  been  devoted  to  the 
study  of  the  pathogenesis  of  infantile  atrophy,  particu- 
larly, but  no  satisfactory  explanation  of  the  nature  of 


the  condition  has  been  furnished.  It  has  been  •shown 
that  digestion  and  absorption  are  impaired  in  most  or 
all  atrophic  infants,  but  the  degree  of  impairment  is 
often  by  no  means  enough  to  explain  the  atrophy.  I 
have  myself,  with  Dr.  Caspar  Miller,  studied  the  ab- 
sorption in  several  such  cases,  and  while  it  was  below 
normal,  it  was  not  exceedingly  bad  and  the  infants  still 
absorbed  an  amount  sufficient  to  have  made  most  of 
their  contemporaries  gain  in  weight  and  health. 

The  lesions  found  at  autopsy  are,  too,  insufficient  to 
explain  the  condition.  There  is  still  a  somewhat  gen- 
eral belief  that  an  extensive  primary  atrophy  of  the 
intestine  occurs  in  these  cases;  but  while  this  has  re- 
peatedly been  described  and  has  been  considered  the 
cause  of  the  general  emaciation,  it  has  been  shown  by 
Heubner,  Gerlach  and  Habel  that  the  appearances  on 
which  so  much  stress  has  been  laid  are  really  due  to  the 
manner  in  which  the  intestinal  wall  is  prepared  and  cut 
for  microscopic  examination.  Wentworth's  recent  able 
review  of  the  pathology  of  the  condition  leaves  only  a 
single  fact  undisproved — Bloch  found  in  several  cases 
an  absence  of  the  granules  that  are  normally  present  in 
Paneth's  cells. 

The  hypothesis  has  also  been  put  forward  (Escherich) 
that  the  disorder  may  depend  on  the  ferments  and 
other  obscure  biologic  elements  in  human  and  animal 
milk.  This,  however,  could  not  explain  tht  matter,  for 
it  leaves  out  of  consideration  the  fact  that  athrepsia 
occurs  in  only  a  portion  of  artificially  fed  infants  and 
not  in  all. 

Recently  a  suggestion  of  another  kind  regarding  the 
nature  of  the  condition  has  been  put  forward.  Since 
the  injection  of  animals  with  protein  of  foreign  species 
is  followed  by  the  development,  in  the  blood  serum  of 
the  animal  injected,  of  substances  capable  of  precipitat- 
ing the  protein  that  was  introduced,  More  and  Ham- 
burger have  attempted  to  show  that  the  serum  of  atro- 
phic infants  contains  a  precipitin  for  cows'  milk — think- 
ing that  they  could  in  this  manner  demonstrate  that 
foreign  protein  (namely,  bovine  casein)  reaches  the  cir- 
culation in  such  cases.  If  this  were  the  case,  it  might 
be  conceived  that  this  foreign  protein  produces  chronic 
toxic  symptoms  that  lead  to  emaciation,  even  though 
sufficient  food  be  absorbed.  They  were  not  successful 
in  their  work,  but  Moro  has  recently  found  such  a  pre- 
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cipitin  in  one  case.  He  declines,  however,  to  draw  any 
conclusions  from  this  as  to  the  nature  of  infantile 
atrophy.  Even  if  such  a  precipitin  is  frequently  to  be 
found  its  presence  may,  I  think,  be  quite  as  properly,  if 
not  more  properly,  applied  in  another  way,  in  support 
of  my  own  working  hypothesis  regarding  the  nature  of 
infantile  atrophy,  which  hypothesis  I  shall  describe. 

RECENT  VIEWS  OF  PROTEIN  DIGESTION. 

I  shall  first,  however,  in  order  to  make  the  character 
of  my  conception  clear,  find  it  necessary  to  refer  very 
briefly  to  some  of  the  recent  transformations  of  view 
concerning  the  nature  of  protein,  and  the  manner  in 
which  it  is  digested  and  utilized  by  tho  tissues,  and  shall 
refer  also  to  some  points  in  regard  to  ferments.  All  these 
matters  are  well  known  to  those  that  have  had  particular 
interest  in  such  questions,  but  are  not  yet  generally  ap- 
preciated. 

The  comparatively  simple  teaching  of  a  few  years  ago, 
when  put  into  its  briefest  form,  was  that  the  digestion 
of  protein  consists  essentially  of  hydrolysis  into  albu- 
moses  and  peptones,  and  the  formation  of  small  amounts 
of  some  simpler  bodies — chiefly  amino-acids,  such  as 
leucin  and  tyrosin,  and  that  the  albumoses  and  peptones 
are  absorbed  and,  in  the  process  of  absorption  or  very 
soon  after  this,  built  up  again  into  native  protein.  The 
process  as  conceived  at  that  time  was^  therefore,  in  the 
main  part  merely  hydrolysis  of  higher  protein  to  lower 
forms  of  protein — the  major  portion  of  the  substance 
remaining  protein  all  the  time,  and  the  chief  apparent 
purpose  of  digestion  being  to  transform  the  ingested 
protein  into  substances  that  are  relatively  very  soluble 
and  that  easily  pass  Janimal  membranes;  that  is,  to  get 
them  into  a  form  in  which  they  can  readily  reach  the 
circulation. 

Throughout  recent  }ears,  however,  it  has  become  in- 
creasingly evident  that  the  change  is  much  more  funda- 
mental than  this;  and  the  key  to  the  understanding  of 
the  main  purpose  of  digestion  seems  to  have  been  fur- 
nished by  more  elaborate  study  of  the  products  of  diges- 
tion, and  particularly  by  a  more  intimate  knowledge  of 
the  composition  of  protein.  That  is,  it  has  been  shown 
that  a  protein  consists  of  a  union  of  numerous  crystal- 
line substances  which  are  relatively  simple  in  their 
structure  as  compared  with  protein,  but  still  somewhat 


complex;  these  are  chieily  or  entirely  oO-called  amino- 
.  acids,  among  the  many  of  which  leucin  and  tyrosin  are 
the  most  popularly  known  representativeL.  Protein  sub- 
stances of  different  kinds  contain  varying  amounts  of 
the  various  amino-acids,  but  they  differ  quite  as  much 
in  the  quantity  as  in  the  quality  of  the  v^omponent  sub- 
stances. Some  forms  of  protein  do  contain  some  kinds 
of  amino-acids  that  other  protein  substances  do  not, 
but  the  distinction  between  different  protein  substances 
seems  to  lie  quite  as  much,  if  not  more,  in  the  fact  that 
this  one  contains  more  of  certain  amino-acids,  that  one 
contains  less  of  these  amino-acids  but  more  of  others. 
To  use  the  picturesque  simile  employed  by  the  Germans 
to  describe  the  matter,  proteins  are  constructed  of 
''buildings  stones,"  and  stones  of  many  shapes  are  used 
in  building  any  protein;  but  the  ultimate  structures 
differ  in  their  architecture,  and  in  giving  them  their 
proper  form,  sometimes  more  stones  of  one  shape  are 
employed,  sometimes  more  of  another. 

Concurrently  with  the  development  of  the  above  men- 
tioned knowledge,  it  has  been  shown  that  the  digestive 
breakdown  of  protein  is  much  more  complete  than  was 
previously  taught.  Even  pepsin  can  carry  a  large  part 
beyond  the  peptone  stage,  and  trypsin  does  this  much 
more  quickly  and  extensively  than  pepsin.  Trypsin, 
indeed,  is  capable,  even  in  laboratory  experiments,  in 
some  circumstances,  of  carrying  the  whole  amount  of 
protein  beyond  the  peptone  stage;  and,  hence,  under 
the  more  favorable  conditions  that  exist  in  the  animal 
organism,  it  probably  carries  most,  possibly  nearly  all, 
beyond  that  stage. 

At  the  same  time,  it  has  been  made  apparent  that  the 
intestinal  mucous  membrane  contains  a  proteolytic  fer- 
ment which  has  been  given  the  name  erepsin.  Whether 
this  has  the  characteristics  attributed  to  it  by  Cohn- 
heim — namely,  inability  to  attack  native  protein,  but 
active  powers  of  further  fragmenting  albumoses  and 
peptones — or  whether,  like  trypsin,  it  can  carry  on  the 
process  from  the  beginning,  is  a  question  that  is  still 
suh  judice.  Of  the  existence  of  a  proteolytic  ferment  in 
the  intestinal  mucous  membrane,  there  is,  however,  no 
question;  and  there  is  every  probability  that  it  is  pro- 
duced there,  and  is  not  simply  pancreatic  trypsin  that 
has  lodged  there. 

It  seems  at  present  that  the  purpose  of  digestion  is  to 


fragment  the  protein  complex  thoroughly  into  its  con- 
stituent amino-acids,  or  building  stones;  and  that  the 
protein  falFs  first  into  the  hands  of  pepsin,  then  trypsin, 
and  next  the  ferment  of  the  intestinal  mucous  mem- 
brane, in  order  that  with  vach  attack  the  fragmentation 
may  be  made  more  complete.  It  is  not  yet  clearly  de- 
termined whether  these  ferments  actually  differ,  as  they 
have  been  supposed  to  do,  in  the  nature  of  the  end 
products  that  they  produce.  The  progressive  action  of 
one  after  the  other  may  be  intended  simply  to  permit 
each  succeeding  ferment  to  put  finishing  touches  on  the 
portions  of  unfragmented  or  partially  fragmented  pro- 
tein that  have  escaped  the  preceding  ferments.  The 
prime  object  of  this  breaking-up  process  appears  to  be 
to  yield  the  amino-acids  themselves ;  in  order  that  they 
may  be  available  in  free  form  and  in  proper  quantities, 
for  a  complete  reconstruction,  which  will  yield  protein 
homologous  with  the  individual  to  be  nourished.  It  \b 
not  necessary  to  fragment  all  portions  completely  as  cer- 
tain fractions  will  be  obtained  that  can  be  reconstructed 
into  homologous  forms  without  complete  fragmentation, 
but  except  for  such  fractions  it  must  be  complete. 
That  the  digestive  process,  together  with  the  subsequent 
reconstruction  process,  does  accomplish  this  transforma- 
tion— that  is,  that  it  does  change  protein  of  foreign 
species,  containing  certain  amino-acids  in  quantities 
peculiar  to  this  protein,  into  another  form  of  protein, 
apparently  containing  the  same  amino-acids  in  quan- 
tities peculiar  to  the  individual  that  has  digested  and 
absorbed  the  protein — has  been  ?hown  experimentally 
with  almost  final  positiveness ;  and  it  has  likewise  been 
shown  that  the  reconstructive  process  occurs  before  the 
absorbed  digestive  products  reach  the  general  circula- 
tion, almost  certainly,  indeed,  in  the  intestinal  wall 
itself. 

Furthermore,  physical  chemists  consider  it  to  be 
theoretically  well  nigh  certain  that  the  same  ferment 
that  accomplishes  fragmentation  also  causes  the  recon- 
struction— that  the  direction  in  which  a  ferment  acts, 
whether  toward  the  production  of  simpler  products  or 
toward  the  formation  of  more  complex  substances  is 
determined,  not  by  the  nature  of  the  ferment,  but  by  the 
physical  and  chemical  conditions  of  the  medium  in 
which  it  acts  and  by  the  concentration  of  the  products 
of  digestion.    If  conditions  favorable  to  disintegration 


are  present,  the.  ferment  hastens  this;  but  if  the  con- 
ditions favor  synthesis,  the  same  ferment  hastens  this. 
This  has  actually  been  shown  to  occur  with  some  fer- 
ments that  act  on  carbohydrates  and  fats;  and  similar 
observations  that  are  suggestive,  though  not  yet  con- 
clusive, have  been  made  regarding  proteolytic  ferments, 
the  conditions  of  such  experimentation  with  the  latter 
fermec+s  being  much  more  difficult  than  those  attached 
to  carbohydrate  and  fat  ferments.  If  this  view  that 
ferments  are  capable  of  reversed  action  is  correct,  as  a 
general  principle,  and  this  now  appears  most  probable, 
the  same  ferment  in  the  intestinal  wall  that  continues 
the  process  of  fragmentation  of  the  protein  food  also 
carries  on  the  process  of  reconstruction  of  homologous 
protein. 

This  cursory  statement  of  some  of  the  main  aspects 
of  the  present  day  teaching  of  the  physiology  of  diges- 
tion will,  I  trust,  suffice  to  make  clear  the  hypothesis 
that  led  to  the  observations  I  am  about  to  report.  My 
results  have  not  yet  been  sufficiently  extensive  or  elab- 
orate to  justify,  of  themselves,  quite  so  formidable  a  pre- 
amble as  I  have  given,  were  it  not  that  the  explanation 
is  necessary  in  order  to  make  their  bearing  clear.  So  far 
as  they  go,  however,  they  offer  some  support  to  the  fol- 
lowing hypothesis: 

THE  author's  hypothesis. 

Clinically,  it  is  quite  clear  that  most  atrophic  infants 
do  well,  provided  they  are  not  already  far  advanced 
toward  death,  if  human  milk  can  be  given  them;  while 
with  even  the  most  capably  conducted  artificial  feeding, 
they  usually  have,  at  best,  a  precarious  and  long  strug- 
gle for  existence,  and  very  often  go  slowly,  but  persist- 
ently, toward  death.  It  seems,  then,  that  the  difficulty 
consists  in  making  use  of  milk  of  foreign  species.  The 
difficulty  does  not  lie  simply  in  acomplishing  the  ab- 
sorption of  the  elements  of  the  heterologous  milTj ;  for,  as 
I  have  already  noted,  sufficient  is  absorbed  in  many  of 
these  instances  to  produce  a  gain  in  other  infants. 

It  has  seemed  to  me  that  the  disturbance  may  be  the 
result  of  disorder  of  the  ferment  function  of  the  in- 
testine. That  is,  when  the  protein  of  the  food  is  pro- 
gressing in  the  course  of  its  breakdown  the  final  attack 
by  the  ferment  of  the  intestine  does  not  occur  or  is  in- 
effectual ;  that  the  protein  complex  is  torn  apart  more  or 


less  completely  by  the  pepsin  and  trypsin,  but  that  frag- 
mentation sufficiently  complete,  in  order  that  the  struc- 
ture may  be  rebuilt  in  a  new  form  entirely  homologous 
with  the  patient's  tissues,  does  not  take  place. 

Granting  the  absence  or  serious  reduction  of  this 
ferment  in  cases  of  atrophy,  one  of  two  things  may  be 
conceived  of  as  occurring  as  a  consequence:  in  the  first 
place,  it  might  be  that  the  protein  would  be  fragmented 
to  various  stages  short  of  absolute  completeness — to 
albumoses,  peptones,  simpler  non-protein  amino-acid 
complexes  (heptides)  and  in  mote  or  less  considerable 
extent,  to  free  araino-acids — and  that  these  would  then 
be  reconstructed;  but  the  synthesis  taking  place  with- 
out sufficient  preceding  fragmentation,  the  product  of 
synthesis  is  not  the  normal  one,  but  is  more  or  less 
hybrid  in  character.  To  use  again,  for  clearness  of  con- 
ception, the  building  stones  simile,  it  would  be  like  tak- 
ing away  the  upper  structure  of  a  building,  while  leav- 
ing the  foundation  unaltered,  and  then  making  the  new 
structure  conform  to  the  old  foundation,  instead- of  tear- 
ing out  the  latter  completely  and  building  anew  from 
the  start.  The  infant  would,  in  such  a  case,  have  his 
circulation  and  tissues  supplied  with  more  or  less  mark- 
edly foreign  protein,  while  normal  infants  receive  homo- 
logous protein.  The  infant  nourished  with  mother's 
milk,  even  though  he  absorbs  all  his  protein  food  wholly 
unfragmented  or  only  half  fragmented,  would  not  so 
far  as  we  know,  be  crippled  by  this,  for  his  food  protein 
is  already  homologous.  The  artificially  fed  infant  that 
I  have  postulated,  however,  who  receives  imperfectly 
broken  down,  and  hence  improperly  reconstructed  pro- 
tein, has  manifest  difficulties  in  his  way  in  carrying  out 
metabolic  processes;  and  the  most  evident  difficulty 
would  be  in  tissue  construction.  He  would  be  able  to 
use  much,  at  least,  of  the  more  or  less  completely  for- 
eign protein  in  obtaining  energy,  that  is,  he  would  be 
able  to  disintegrate  it,  for  it  is  known  that  animals  can 
thus  utilize  considerable  amounts  of  foreign  protein 
when  introduced  subcutaneously  or  into  the  circiilation. 
fn  attempting  to  use  it  to  construct  tissue,  however,  he 
would  be  obliged  to  go  through  the  difficult  task  of  dis- 
integrating again,  and  then  completely  reconstructing 
it;  while,  when  the  tissues  are,  as  is  normally  the  case, 
served  with  homologous  protein,  it  would  seem  evident 
that  the  process  of  construction  and  repair  of  the  tis- 
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sues  would  be  comparatively  easy.  We  have,  indeed, 
no  knowledge  that  the  tissues  are  capable  of  building 
new  tissue  from  foreign  or  partly  foreign  protein  served 
thus  directly  to  them,  and  it  may  readily  be  that  they 
are  more  or  less  completely  incapable  of  it.  They  can 
undoubtedly  secure  energy  from  it  and  can  trans- 
form one  variety  of  homologous  protein  into  another 
variety  of  homologous  protein,  but  this  is  very  different 
from  transforming  a  foreign  protein  into  a  homologous 
protein.  Even  if  they  could  do  the  latter,  to  impose  on 
them  the  necessity  for  carrying  it  out  would  be  to  make 
entirely  unnatural  demands  of  them,  and  they  would 
doubtless  be  likely  often  to  fall  under  the  extra  burden. 

The  second  idea  conceivable  as  the  result  of  absence 
of  the  intestinal  proteolytic  ferment  is  dependent  on 
complete  acceptance  of  the  theory  of  reversibility  of  fer- 
ment action.  While  this  theory  now  appears  to  be  prob- 
ably susceptible  of  general  application,  this  has  not  been 
actually  demonstrated  to  the  same  extent  as  have  the 
other  matters  that  I  have  so  far  used  in  constructing  my 
hypothesis.  Therefore,  although  this  theory  will  prob- 
ably be  shown  to  be  correct,  I  mention  its  relation  to  the 
subject  under  discussion  in  only  a  secondary  place.  In 
case  it  applies  in  this  instance,  the  effect  would  appear 
to  be  that,  the  intestinal  ferment  being  reduced  or  ab- 
sent, not  only  would  disintegration  of  the  protein  suffer^ 
but  the  especial  agent  that  carries  out  the  reconstruction 
of  protein  being  decreased  or  absent,  the  reconstruction 
also  would  be  more  or  less  completely  absent.  Instead, 
therefore,  of  entering  the  circulation  as  hybrid  recon- 
struction products,  the  more  or  less  completely  frag- 
mented products  would  themselves  go  into  the  circula- 
tion, and  use  of  them  by  the  tissues,  in  the  synthesis  of 
new  tissue,  would  be  much  the  same  difficult  process  as 
in  case  they  had  been  made  into  hybrid  protein. 

Either  of  these  ideas  would  be  in  harmony  with  the 
repeatedly  mentioned  fact  that  absorption  in  many  of 
these  cases  is  sufficiently  good  to  maintain  nutrition; 
for  incomplete  fragmentation  would  not  prevent  absorp- 
tion, since  digestion  products,  all-  the  way  from  albu- 
moses  on,  are  readily  capable  of  absorption — and  indeed, 
this  occurs  with  many  unchanged  albumins.  The  hy- 
pothesis would  in  either  case,  also,  be  in  harmony  with — 
indeed,  it  is  dependent  on  and,  if  correct,  explanatory 
of — the  fact  that  the  difficulty  lies  in  the  utilization 
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of  milk  of  foreign  species.  There  is  no  good  evidence 
that  infants  ever  fail  to  assimilate  human  milk,  unless 
they  are  already  desperately  ill;  provided  that  the  milk 
is  not  so  rich  in  some  of  its  constituents  as  to  upset 
digestion  or  so  poor  as  to  be  insufficient ;  and  provided, 
also,  that  the  mother  or  nurse  supplying  the  milk  is  not 
the  subject  of  physical  or  emotional  disturbances  that 
presumably  cause  the  quality  of  the  milk  to  be  dis- 
ordered. In  other  words,  there  is  no  evidence  that  an 
infant,  not  desperately  ill,  that  is  taking  normal  human 
milk  of  such  composition  that  it  does  not  disturb  diges- 
tion, ever  fails  to  be  able  to  utilize  this  milk  on  account  ol 
the  character  of  its  constituents.  On  the  other  hand, 
large  numbers  of  infants,  when  fed  on  foreign  (that  is, 
usually  cows')  milk,  even  when  the  constituents  are 
of  wholly  normal  quality,  do  badly  or  die,  however  one 
may  vary  the  proportion  of  the  constituents  in  defer- 
ence to  difficulties  in  digestion ;  often,  indeed,  even  when 
no  noteworthy  difficulties  in  digestion  are  present.  The 
experience  of  Westcott,  Holt  and  others,  shows  that 
many  malnourished  or  even  severely  atrophic  infants 
that  do  badly  on  cows'  milk  mixtures  exhibit  remarkable 
improvement  if,  while  their  diet  still  consists  chiefly  of 
the  same  mixture,  small  quantities  of  human  milk  are 
added.  This  suggests  strongly  that  they  can  secure  from 
the  artificial  food  the  energy  that  they  need,  if  only  the 
essential  moiety  absolutely  demanded  for  tissue-build- 
ing and  repair  is  given  them  in  normal  form. 

The  hypothesis  also  conforms  with  the  fact  that  infan- 
tile atrophy,  as  well  as  the  malnutrition  of  older  chil- 
dren and  adults,  is  not  a  clearly  delimitable  condition. 
There  is  no  definite  boundary  line  on  one  side  of  whirfi 
cases  are  simply  malnourished,  while  on  the  other  side 
they  are  the  subjects  of  persistently  progressive  atrophy ; 
nor  are  there  any  cases  that  can  be  labeled  essentially 
fatal.  The  worst  of  them  almost  may  get  well  if  only 
one  can  secure  a  food  that  is  especially  suitable  in  the 
particular  case.  If  in  such  cases  human  milk  is  used 
improvement  is  often  remarkably  rapid,  while  on  other 
foods  it  is,  as  a  rule,  slow  and  laborious  at  best.  The 
hypothesis  that  I  have  described  does  not  conflict  with 
these  facts,  but  is  rather  supported  by  them.  Such 
variations  in  the  severity  of  atrophy  may  be  chiefly  a 
question  of  a  larger  or  smaller  degree  of  reduction  of  the 
ferment  action  of  the  intestine.    It  is  not  to  be  expected 
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that  the  ferment  or  ferments  would  often  be  entirely  and 
persistently  absent;  it  is  rather  to  be  expected  that 
various  degrees  of  reduction  of  the  amount  or  the  ac- 
tivity of  the  ferments  would  occur  in  different  cases,  and 
that  there  would  correspondingly  be  more  or  less  severe 
results.  Since  there  would  be  no  essential  structural 
change  in  the  intestine,  but  simply  more  or  less  complete 
failure  of  a  function — a  function,  however,  that  would 
seem  to  occupy  a  critically  important  position  in  the 
process  of  homologizing  protein — any  little  increments 
added  to  the  powers  of  the  patient  to  carry  on  functions 
properly  (such  increments  as  would  be  secured  through 
better  feeding  and  better  hygiene,  and  the  consequent 
better  general  nutrition)  would  improve  the  manufac- 
ture of  ferments,  as  well  as  other  functions,  except  in 
cases  so  badly  damaged  that  the  recuperative  powers 
were  lost. 

The  general  line  of  thought  that  I  have  indicated, 
whether  my  hypothesis  is  correct  or  not,  would  also  offer  a 
reasonable  explanation  of  the  fact  that  extreme  grades 
of  atrophy  are  so  much  more  common  in  very  early  life 
than  in  older  persons.  After  growth  is  completed, 
synthesis  of  tissues  is  necessary  only  in  so  far  as  repair  is 
required;  while  in  the  young  not  only  is  repair  required 
also,  but  there  is,  in  addition  to  this,  a  relatively  enor- 
mous amount  of  synthesis  necessary  in  manufacturing 
new  tissue.  Any  disorder  that  makes  synthesis  of  tissue 
more  difficult  would  consequently  fall  particularly  heav- 
ily on  the  young. 

I  would  likewise  note  that  the  one  point  regarding 
tlie  pathology  of  infantile  atrophy  that  is  as  yet  unas- 
■^ailed  (Bloch's  observation  that  granules  are  absent 
from  Paneth's  cells)  seems  to  me  to  suggest  of  itself 
thai  the  ferment  functions  of  the  intestine  may  be  at 
fault.  Similar  granulations  are  observed  in  other  diges- 
tive organs,  when  they  functionate  normally,  at  those 
times  when  they  are  preparing  their  digestive  secretions ; 
while  after  tb^  secretions  are  discharged  the  granules 
become  much  reduced  in  number  or  entirely  absent. 
Lack  of  granules  from  the  cells  in  the  intestines  of 
atrophic  infants  may,  therefore,  readily  mean  that  these 
cells  are  not  producing  digestive  secretions,  while  the 
same  cells  do  produce  them  in  other  infants. 

I  have  previously  mentioned  the  possible  presence  of 
precipitins   for  bovine  casein   in   the  blood   serum   of 
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atrophic  infants.  This  matter  is  not  of  much  impor- 
tance in  this  connection,  a£  there  is  little  evidence  as  jet 
that  such  precipitins  exist.  If  they  do  exist  it  is  appar- 
ent that  their  presence  is  quite  as  directly  in  conformity 
with  the  view  that  1  have  outlined  as  with  the  suggestion 
that  a  chronic  toxic  state  results  from  the  presence  of 
the  foreign  casein  in  the  circulation.  Those  that  have 
experimented  on  the  effect  of  subcutaneous  injections  of 
unaltered  foreign  protein  differ  in  their  conclusions; 
but  it  may,  1  think,  be  said  fairly,  so  far  as  this  concerns 
the  question  immediately  under  discussion,  that  atrophic 
infants  show  absolutely  no  clinical  evidences  of  any 
such  actively  toxic  state  as  has  been  described  by 
some  authors  as  consequent  on  the  subcutaneous  admin- 
istration of  very  small  amounts  of  foreign  protein. 
Yet  if  such  infants  do  have  casein-precipitins  in  their 
blood,  they  must  absorb  directly  quite  as  large  amounts 
of  casein  as  are  used  in  injection  experiments.  This 
point  seems  to  me  to  rob  the  theory  of  a  foreign-protein 
intoxication  of  its  chief  established  basis,  so  far  as  in- 
fantile atrophy  is  concerned;  although  I,  of  course,  do 
not  deny  the  possibility  that  such  an  intoxication  may 
have  something  to  do  with  the  condition. 

CASES  STUDIED. 

Up  to  the  present,  my  studies  regarding  the  defensi- 
bility  of  my  hypothesis  have  consisted  of  investigation 
of  the  proteolytic  power  of  the  intestines  obtained  at 
autopsy  in  eight  cases.  Three  of  these  cases  were  char- 
acteristic instances  of  progressively  fatal  atrophy  (two 
in  infants  and  one  in  a  child  of  two  years)  ;  three  were 
cases  of  advanced  emaciation  that  was.  known  to  be  due 
to  other  causes  than  simple  atrophy,  these  cases  serving 
as  controls;  and  the  other  two  cases  were  instances  in 
older  persons  of  continuous  and  finally  extreme  emacia- 
tion for  which  autopsy  showed  no  cause. 

Although  I  have  been  working  on  the  question,  as 
opportunity  offered,  for  a  year  past,  the  number  of  cases 
that  I  have  to  report  is  small,  because  I  have,  in  order 
to  avoid  confusion,  limited  my  observations  relating  to 
the  atrophic  cases  carefully  to  those  in  which  the  clinical 
conditions  and  the  autopsy  findings  showed .  an  entire 
absence  of  evidence  of  infection  of  the  digestive  tract, 
and  in  which,  also,  there  was  absence  of  e\ndence  of  poor 
absorption  or  of  a  noteworthy  degree  of  gastroenteritis. 
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I  have  found  it  diflBcult  to  secure  such,  material  from  en- 
tirely reliable  sources.  The  three  cases  of  infantile 
atrophy  that  I  report  were,  however,  of  this  kind.  All 
showed  at  autopsy  merely  the  lesions  of  imple,  uncom- 
plicated atrophy,  and  clinically,  all  had  shown  merely 
progressive  wasting,  with  no  gastric  symptoms.  Intes- 
tinal symptoms,  also,  were  absent  in  all  e:^cept  Cases  2 
and  3,  in  which  two  or  three  bowel  movements  occurred 
at  times  in  the  24  hours.  The  movements,  however, 
were  not  large,  appeared  well  digested,  were  of  good 
color,  and  did  not  contain  visible  mucus. 

Case  1  was  under  the  care  of  Dr.  Howard  Hill,  who , 
did  the  autopsy.  Cases  2  and  3  were  under  Dr.  J.  P. 
Crozer  Griffith's  care  at  the  Children's  Hospital,  and  Dr. 
C.  y.  White  and  Dr.  Howard  Carpenter  made  the  patho- 
logic studies  in  them.  For  the  material  from  the 
other  cases,  I  am  indebted  to  Dr.  Longcope  and  Dr. 
Lavenson.  I  wish,  also,  to  acknowledge  my  especial 
indebtedness  to  Dr.  Ealph  Pemberton  for  aiding  me  in 
the  studies  of  the  cases.  The  details  of  the  methods 
used  will  be  given  later  with  the  figures  obtained. 
Meanwhile,  I  shall  briefly  discuss  the  results. 

In  the  first  of  the  three  cases  of  infantile  atrophy,  the 
proteolytic  ferment  in  the  intestinal  mucous  membrane 
was  present  in  extremely  small  amount,  if  at  all ;  in  the 
second  it  was  greatly  reduced  as  compared  with  the 
three  control  cases ;  in  the  third  case,  which  was  the  most 
rapid  in  its  progress,  the  infant  dying  at  five  months,  no 
ferment-action  was  demonstrable.  In  the  first  of  the 
two  cases  of  emaciation  of  undetermined  cause  in  older 
persons,  ferment-action  was  exceedingly  slight,  in  the 
second  of  these  cases  it  practically  could  not  be  demon- 
strated at  all.  Indeed,  in  the  whole  group  of  five  atro- 
phic cases,  all  those  that  show  slight  ferment-action  pro- 
vide, to  indicate  this,  figures  so  small  as  to  be  almost  or 
quite  within  the  range  of  error.  Since,  however,  in  all 
instances,  two  nitrogen-estimations  were,  as  is  usual, 
made  for  the  purpose  of  controlling  the  results;  and 
since,  in  all  instances  (except  case  5,  in  which  the  con- 
trol was  lost),  the  two  estimations  corresponded  practi- 
cally exactly,  I  think  that  the  figures  are  accurate,  and 
do  not  indicate  slight  ferment-action. 

The  figures  from  the  three  control  cases  that  had  not 
simple  atrophy  do  not,  to  be  sure,  indicate  the  digestion 
of  large  absolute  amounts  of  protein ;  but  they  do  show 
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relatively  large  amounts  as  compared  with  the  atrophic 
cases,  and  it  must  be  remembered  tliat  I  was  dealing 
with  small  figures  in  all  cases,  since,  as  may  be  seen  in 
the  protocols  of  the  experiments,  only  10  c.  c.  of  milk 
was  introduced  in  each  instance  for  the  ferment  to  act 
upon,  in  addition  to  the  small  amount  of  protein  present 
in  the  extract  which  contained  the  ferment;  and  the 
amount  of  milk  mentioned  represents  only  about  0.05 
grains  of  nitrogen.  Considering  that  the  period  of  di- 
gestion was  purposely  made  short  (only  four  hours),  in 
order  to  be  more  certain  qf  excluding  bacterial  action, 
the  figures  in  the  non-atrophic  cases  really  show  a  very 
considerable  degree  of  digestion,  while  the  atrophic 
cases,  at  best,  show  almost  none. 

The  objection  may  be  offered  that  the  differences  were 
due  to  bj^cterial  action.  Toluol  was  used  freely,  how- 
ever; the  experiments  were  made  so  short  that  there  was 
little  opportunity  for  bacteria  to  act;  and,  more  impor- 
tant than  this,  there  are  no  irregularities  in  the  results 
to  suggest  that  bacteria  had  been  active.  It  is,  perhaps, 
impossible  in  experiments  carried  out  as  these  were  with 
an  extract  of  the  mucous  membrane,  to  exclude  bacterial 
action  absolutely.  I  used  this  method,  however,  instead 
of  attempting  to  isolate  the  ferment  by  means  of  precipi- 
tation and  dialysis,  because  I  believe  that  it  is  possi- 
ble only  by  means  of  the  method  followed  to  secure 
quantitative  comparisons  in  different  cases;  and 
bacterial  action  cannot  be  said  to  have  produced  the 
results  obtained,  unless  one  assumes  the  rather  strained 
position  of  considering  that  bacterial  proteolysis  oc- 
curred regularly  in  the  non-atrophic  cases,  while  it  was 
regularly  absent  or  almost  absent  in  the  atrophic. 

Leaving  aside  the  two  cases  in  older  persons  for  the 
present,  the  bearing  of  the  results  in  the  three  of 
infantile  atrophy  seems  to  me  to  be  the  following:  So 
far  as  these  cases  go,  they  harmonize  with  the  hypothesis 
that  I  have  stated,  since  they,  demonstrate  that  in  these 
cases  there  was  great  reduction  or  entire  loss  of  pro- 
teoMic  power  in  the  intestinal  mucous  membrane.  It 
may  readily  be  thought  that  this  was  a  mere  secondary 
effect  of  the  profound  emaciation,  but  this  appears  de- 
cidedly improbable,  when  one  considers  the  three  con- 
trol cases,  all  of  which  were  extremely  emaciated,  but  as 
the  result  of  definite  causes  other  than  simple  atrophy. 
These  cases  show  very  much  greater  proteolytic  action 
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than  do  the  atrophic  cases.  It  might  be  considered, 
also,  that  there  was  simply  a  general  reduction  in  the 
ferments  of  the  digestive  tract.  I  attempted  to  exclude 
this  objection  by  testing  for  pepsin  in  extracts  of  the 
gastric  mucous  membrane  of  the  atrophic  cases,  and  in 
all  three  instances  I  got  a  markedly  positive  result; 
hence  pepsin  was  present  in  all. 

Beyond  what  I  have  said,  I  do  not  think  I  can  speak 
decidedly  as  to  the  meaning  of  my  results.  If  continued 
studies  shall  show  similar  results  consistently,  this  will 
demonstrate  definitely  a  maiked  disturbance  of  the  fer- 
ment-function of  the  intestine,  and  will  indicate  strongly 
that  this  has  an  important  primary  relation  to  the 
atrophy..-  Further  studies  are  necessary,  however,  in 
order  to  show  that  this  is  a  constant  condition  in  atro- 
phy, and  a  condition  that  is  usually  absent  in  other 
cases.  Furthermore,  in  addition  to  the  line  of  observa- 
tion that  I  have  been  following,  it  is  important  to  deter- 
mine whether  the  intestine  does  or  does  not,  in  these 
cases,  retain  its  power  to  produce  secretin  and  en- 
terokinase,  and  thereby  to  excite  secretory  activity  in 
the  pancreas  and  to  activate  the  pancreatic  trypsin.  It 
is  likewise  important  to  determine,  if  possible,  to  what 
extent  the  pancreas  retains  its  functional  capacity  in 
these  cases;  although  this  is  extremely  difficult  to  do 
satisfactorily  with  postmortem  material,  because  in  ex- 
tracts of  the  pancreas  the  trypsin  becomes,  to  some  ex- 
tent, activated,  and  it  is  difficult  to  determine  to  what 
extent  this  occurs,  and  therefore  difficult  to  secure  reli- 
able results  in  comparing  different  cases. 

In  spite  of  the  fact,  which  I  have  repeatedly  men- 
tioned, that  absorption  in  these  cases  often  does  not 
suffer  enough  to  explain  the  atrophy,  it  may  be  that  the 
pancreas,  as  well  as  the  intestine,  shows  reduction,  and 
perhaps,  entire  loss  of  ferment-function.  We  know  now 
quite  clearly  that  fat-absorption  is  sometimes  good  in 
the  entire  absence  of  pancreatic  secretion;  and  it  is 
quite  possible  that  this  is  riiore  largely  true  of  protein 
than  we  have  thought.  Indeed,  in  many  cases,  with 
severe  lesions  of  the  pancreas,  the  nitrogen-absorption  is 
known  to  be  not  bad.  This  possibility  of  disordered 
pancreatic  function  is  of  particular  interest  in  infants; 
for  there  is  some  testimony,  though  not  based  on  very 
good  evidence,  that  in  the  first  three  months  or  so  of 
life  the  pancreas  has  only  a  subordinate  role  in  carrying 
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on  digestion  and  absorption,  while  after  this  it  becomes 
increasingly  important.  Athrepsia  in  infanta  is  partic- 
ularly likely  to  begin  about  the  third  month  of  life;  and, 
hence,  if  the  above-mentioned  view  is  correct,  it  become* 
possible  that  the  difficulty  in  athrepsia  may  be  partly,  at 
least,  the  result  of  failure  of  the  pancreas  to  take  up  the 
large  function  that  it  should  assume.  If  the  pancreas 
fails  to  do  its  duty,  fragmentation  of  the  protein-mole- 
cule will  be  still  more  incomplete  than  if  the  intestinal 
ferment  only  were  absent.  In  this  case,  pepsin  alone 
would  be  left  to  digest  the  protein  sufficiently  for  its  ab- 
sorption; but  in  infants,  at  any  rate,  with  their  simple 
milk  diet,  it  is  probable  that  pepsin  is  capable  of  doing 
at  least  a  very  large  part  of  this.  If  there  is  any  truth 
in  the  view  that  I  have  just  noted  concerning  the  devel- 
opment of  the  pancreatic  function  in  early  life,  pepsin 
must,  in  even  normal  infants,  in  the  very  early  weeks  of 
their  existence,  do  most  of  the  work  except  that  carried 
out  by  erepsin. 

In  addition  to  what  I  have  mentioned,  it  is  desirable 
to  attempt  to  determine  whether  amino-acids  or  peptides 
do  escape  into  the  circulation  in  these  cases ;  or  whether, 
on  the  other  hand,  the  circulating  protein  of  atrophic 
cases  shows  differences  from  the  circulating  protein  of 
other  cases.  These  last  points  are  very  difficult  to  de- 
termine with  our  present  methods,  particularly  with  the 
paucity  of  material  provided  by  the  cadaver  of  an 
athreptic  infant.  They  may  be  possible  of  solution  in 
cases  of  atrophy  that  occur  in  older  persons,  perhaps 
even  during  life. 

Furthermore,  it  is  desirable  to  determine  whether 
there  are  alterations  in  the  ferments  in  the  tissues  that 
lie  beyond  the  digestive  „ract. 

Finally,  I  would,  with  an  equal  consideration  of  the 
criticisms  that  I  have  put  upon  my  previously-men- 
tioned results,  refer  to  the  two  cases  in  older  persons,  as 
they  need  brief  separate  description.  The  first  of  these. 
Case  4  in  the  protocol,  was  an  instance  of  dementia 
praecox  in  a  man  of  27,  who  was  under  the  care  of  Dr. 
Charles  W.  Burr  at  the  Philadelphia  General  Hospital. 
The  only  noteworthy  points  in  his  history  were  that, 
after  prolonged  overwork,  he  had  developed  delusions 
of  persecution ;  and  this  had  been  followed  by  a  stupor- 
ous state.  He  was  admitted  in  the  latter  condition : 
and  for  eight  months  afterwards,  remained  in  a  state  of 
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complete  apathy,  or  negativism,  physically  and  men- 
tally. Throughout  this  time,  he  was  unresponsive  and 
practically  motionless.  He  vt^as  fed  continuously 
through  a  stomach-tube,  on  about  three  quarts  of  milk 
and  eight  eggs  a  day;  but  in  spite  of  this  he  emaciated 
constantly  and  finally  to  an  extreme  degree.  He  then 
came  out  of  his  stupor  rather  suddenly,  took  an  interest 
in  his  surroundings  and  ate  with  appetite.  Though  he 
then  took  no  food  beyond  the  ordinary  ward  diet  (and 
this  is  certainly  not  more  than  what  had  been  given  him 
before,  but  rather  less),  and  though  he  was  in  this 
period  moving  about  and  doing  a  little  work,  while  pre- 
viously he  had  been  absolutely  quiet,  during  the  next 
three  months,  he  gained  flesh  rapidly  and  became  actu- 
ally fat..  He  then  went  into  stupor  again,  and  re- 
mained so  for  two  years  and  ten  months,  until  he  died. 
Throughout  this  entire  time,  he  had  been  fed  on  the 
previously  mentioned  amounts  of  milk  and  eggs,  through 
the  stomach-tube,  and  during  this  period  he  again  ema- 
ciated progressively,  and  ultimately  to  the  last  degree. 

Case  5  was  a  patient  of  25  years,  who  had  meningitis 
followed  by  hydrocephalus,  lasting  seven  weeks.  Dur- 
ing this  time  he  was  stuporous  and  during  the  last  three 
weeks  he  was  fed  through  a  stomach  tube.  He  emaci- 
ated rapidly  and  finally  to  an  extreme  degree,  in  spite 
of  the  subsidence  of  any  evidences  of  infection. 

Both  these  cases,  as  I  have  stated,  had  practically  no 
evidence  of  the  presence  of  proteolytic  action  in  extracts 
of  the  intestinal  mucous  membrane.  I  would  note  also 
that  in  both,  contrary  to  the  conditions  in  the  infantile- 
atrophy  cases,  there  was  but  faint,  if  any,  evidence  of 
the  presence  of  pepsin  in  the  extracts  from  the  gastric 
mucous  membrane.  Neither  case  had  shown  any 
digestive  disturbance  during  life,  and  neither  had  any 
lesions  of  the  alimentary  tract  at  autopsy.  There  was 
no  direct  occasion,  therefore,  for  considering  that  the  in- 
testine was  at  fault  in  any  way  in  these  cases,  but  I 
studied  them  in  this  connection  for  two  reasons :  First, 
because  they  were  instances  of  unexplained  progressive 
emaciation;  and  second,  because  Pawlow,  in  discussing 
his  celebrated  work  on  the  influence  of  psychic  factors 
upon  the  secretion  of  digestive  juices,  suggests  that  the 
more  or  less  profound  disturbances  of  nutrition  often 
seen  in  depressive  forms  of  insanity  may  be,  to  some 


17 

extent  at  least,  due  to  the  entire  lack  of  psychic  stimolua 
to  the  production  of  digestive  ferments. 

Two  cases  do  not  justify  much  comment.  I  would 
say  only  that  they  may,  on  the  one  hand,  be  evidence 
merely  that  my*  hypothesis  is  incorrect ;  that  is,  redaction 
or  loss  of  the  ferment  functions  of  the  intestine  may 
occur  in  a  variety  of  conditions  and  may  have  no  pri- 
mary relation  to  any  disease  or  symptoms,  and  these 
cases  are,  perhaps,  merely  examples  of  that  possibility. 
On  the  other  hand,  they  may  prove  to  have  importance 
in  explaining  such  conditions.  In  Case  4,  especially, 
there  was  a  striking  succession  of  events,  which  appeared 
to  show  that  the  emaciation  was  closely  related  to  the 
stupor.  This  may  mean  simply  that  some  intoxication 
or  other  obscure  condition  was  the  cause  of  both  stupor 
and  emaciation,  but  it  may  be  that  the  whole  disorder 
was  nutritional — that  depraved  nutrition  from  over- 
work produced  psychic  depression,  and  the  latter  so 
largely  depressed  physical  functions,  among  which  is 
the  function  of  elaborating  ferments,  as  to  cause  the 
progressive  general  atrophy.  The  sudden  alterations  in 
both  mental  and  physical  condition  that  occurred  in  this 
patient  and  are  common  in  similar  cases  is  certainly 
quite  as  much  in  harmony  with  this  view  as  with  the 
theory  of  intoxication,  for  every  one  is  familiar  with 
the  extremely  sudden  changes  in  the  gastric  secretion 
that  are  known  to  occur  at  times  in  cases  of  purely 
neurotic  achylia  gastrica. 

I  believe,  therefore,  that  the  emaciation  occurring  in 
depressed  and  stuporous  states,  and  also  other  obscure 
forms  of  emaciation,  are  suitable  subjects  of  study  from 
the  standpoint  that  I  have  indicated.  I  do  not,  of 
course,  mean  to  suggest  in  the  most  distant  way  that 
emaciation  in  general  is  dependent  simply  and  solely 
upon  failure  of  intestinal  ferments.  I  mean  merely  that 
lack  of  these  and  of  other  ferments  may  be  an  important 
element  in  cases  of  this  sort,  and  since  the  proteoh-tic  fer- 
ment of  the  intestinal  mucous  membrane,  according  to 
prevailing  views,  seems  to  occupy  a  conspicuously  im- 
portant position  in  the  process  of  utilizing  protein,  it  is 
possible  that  more  or  less  complete  absence  of  this  fer- 
ment, owing  to  the  disordered  chain  of  events  that 
would  probably  ensue  upon  its  absence,  may  be  one  of 
the  important  elements  in  explaining  some  instances  of 
progressive  emaciation,  and,  too,  of  chronic,  but  sta- 
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tionar}',  depraved  nutrition.  It  is  also  possible  that  at 
times  lack  of  this  ferment  is  the  chief  and,  indeed,  of  it- 
self a  sufficient,  explanation  of  the  nutritional  disorder. 

THE  author's  methods.* 

The  methods  used  in  my  work  were  as  follows :  The 
whole  of  the  stomach  and  small  intestine  was  secured 
directly  after  the  autopsy.  This  means  from  12  to  18 
hours  after  death,  but  a  delay  of  this  length  appears 
from  Vernon's  observations  to  cause  no  decrease  in  the 
amount  of  erepsin.  There  was  some  difference  in  the 
time  that  elapsed  in  the  individual  cases  between  death 
and  autopsy,  but  this  was,  at  most,  a  few  hours,  and 
the  average  time  in  the  atrophic  and  non-atrophic  cases 
was  just  about  the  same.  As  soon  as  they  had  been 
secured,  the  stomachs  and  intestines  were  very  thor- 
oughly washed  with  running  water.  In  obtaining  the 
extracts  the  mucous  membrane  was  scraped  off  the 
entire  surface  of  the  stomach  or  small  intestine,  which- 
ever was  being  worked  with ;  the  whole  amount  obtained 
was  thoroughly  mixed  and  weighed  portions  were  taken. 
Scrapings  from  the  entire  mucous  membrane  were  used 
because  the  amounts  of  pepsin  and  erepsin,  respectively, 
in  different  portions  of  the  stomach  and  bowel  differ 
largely;  and  in  using  organs  from  subjects  of  different 
ages  and  sizes,  it  would  be  impossible  to  be  certain  that 
exactly  similar  portion's  had  been  taken  if  one  simply 
cut  out  especially  chosen  parts  and  took  the  scrapings 
from  these. 

Of  these  mixed  scrapings  from  the  intestine,  a  weighed 
portion  was  each  time  taken  and  ground  for  10  minutes 
in  a  mortar  with  sand.  The  ground  scrapings  and  sand 
were  then  washed  into  a  flask  with  Ringer's  solution, 
using  always  30  parts  of  the  solution  to  one  part  of 
the  scrapings.  Toluol  was  then  added;  and  the  flask 
was  stood  aside  for  four  hours,  shaking  it  every  20 
minutes  to  half  an  hour.  The  contents  were  then 
strained,  eaeh  time  in  the  same  manner,  and  50  c.  c. 
of  the  strained  fluid  was  introduced  into  each  of  two 
flasks.  That  in  one  of  these  flasks  was  immediately 
boiled  for  a  moment  and  then  cooled,  and  to  each  flask 
was  added  10  c.  c.  of  previously-neutralized  milk,  the 
milk  being  from  a  supply  that  is  constantly  under  chemi- 
cal supervision,  and  that  I  know  from  a  large  number 
of  personal  estimations  to  var}'  extremely  little  in  its 
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nitrogen-content.  Toluol  was  then  added  to  each  flask 
and  thoroughly  shaken  with  the  fluid,  and  both  flaska 
were  placed  in  tlie  thermostat  at  bod^-temperature  for 
four  hours.  Following  Cohnheim's  procedure,  I  then 
added  10  c.  c.  of  saturated  sodium  chloride  solution; 
boiled  a  moment;  added  10  drops  of  acetic  acid;  boiled 
again ;  filtered  and  tested  the  filtrate  to  see  that  it  was 
biuret-free.  If  it  were  not,  or  if  it  were  not  perfectly 
clear,  it  was  filtered  again,  when  it  always  became  per- 
fectly clear  and  biuret-free.  The  nitrogen  in  the  fiJtrate 
was  then  estimated.  The  results  gave  the  "uncoag- 
ulable"  nitrogen,  and  the  excess  in  the  specimen  that 
was  not  boiled  in  the  beginning  over  that  in  the  boiled 
specimen  showed  the  amount  digested.  The  figures 
given  are  for  the  whole  amount  in  the  flask. 

At  the  tame  time  that  these  flasks  were  prepared,  two 
other  flasks,  each  containing  25  c.  c.  of  the  extract  from 
the  intestinal  mucous  membrane  (boiled  in  one;  unboiled 
in  the  other)  and  10  c.  c.  of  a  1  per  cent,  solution  of 
Witte's  peptone,  together  with  toluol,  were  placed  in  the 
thermostat  for  four  hours,  and  afterwards  coagulated  in 
the  manner  mentioned,  and  the  strength  of  the  biuret- 
reaction  in  the  filtrate  was  noted.  The  degree  of  reduc- 
tion in  the  intensity  of  the  biuret-reaction  in  the  un- 
boiled specimen,  as  compared  with  the  boiled  specimen, 
provided  qualitative  Evidence  of  the  activity  with  which 
the  "peptone"  had  been  digested  beyond  those  bodies  that 
yield  a  biuret-reaction. 

I  used  cows'  milk  as  the  substance  to  be  digested,  be- 
cause it  is  the  food  upon  which  artificially-fed  infants 
depend.  Even  if  Cohnheim  be  correct  in  claiming  that 
erepsin  can  not  digest  most  unchanged  ^bumins,  and 
that  it  is  necessary  that  albumins  be  previously  digested 
at  least  as  far  as  the  albumose-stage,  casein  is,  neverthe- 
less, an  entirely  appropriate  substance  to  use  in  testing 
the  activity  of  erepsin ;  for  Cohnheim  himself  states  that 
casein  constitutes  an  exception  to  the  above-mentioned 
rule,  since,  unlike  most  other  undigested  albumins,  it  is 
acted  upon  by  erepsin.  In  case  Cohnheim  is  right  in 
stating  that  erepsin  acts  upon  casein  but  not  upon  most 
other  unchanged  albumins,  this  of  itself  strongly  sug- 
gests that  the  ferment  may  be  especially  important  in 
infants  whose  diet  is  limited  to  milk.  It  was,  indeed, 
this  statement  in  Cohnheim's  article  that  first  brought 
to  my  mind  the  possible  relation  of  this  ferment  to 
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infantile  atrophy.  I  have  not,  however,  considered  that 
the  proof  that  erepsin  can  not  act  upon  other  albumins 
is  sufficiently  definite  to  make  it  justifiable  to  use  this 
point  in  my  argument,  in  the  earlier  part  of  this  paper, 
in  favor  of  my  hypothesis. 

The  pepsin  tests  were  qualitative  only.  The  scrapings 
of  the  gastric  mucosa  were  placed  in  one-twentieth  nor- 
mal hydrochloric  acid,  in  the  proportion  of  three  parts 
scrapings  to  200  of  hydrochloric-acid  solution,  and 
allowed  to  stand  until  the  next  day,  when  the  fluid  was 
strained  off.  Of  the  strained  fluid,  25  c.  c.  was  intro- 
duced into  each  of  two  flasks,  one  of  which  was  boiled 
and  then  cooled.  To  each  flask  I  then  added  10  c.  c.  of 
a  mixture  of  one  part  of  fresh  white  of  egg  in  10  parts 
of  one-twentieth  normal  hydrochloric  acid.  These  were 
then  put  in  the  thermostat  for  four  hours.  They  were 
then  neutralized,  10  c.c.  saturated  sodium-chloride  solu- 
tion was  added,  the  mixture  was  then  boiled,  rendered 
slightly  acid  with  acetic  acid,  boiled  again,  then  rendered 
slightly  alkaline  with  sodium  hydroxid,  boiled  again 
and  filtered  perfectly  clear.  The  filtrate,  was  then  tested 
by  the  biuret-test  and  by  precipitation  with  phospho- 
tungstic  acid.  The  bulk  of  the  precipitate  to  the  latter 
indicated  the  amount  of  digestion-products,  and  the  in- 
tensity of  the  biuret-test  indicated  the  same. 

RESULTS. 

Cask  1. — Atrophic  child  of  2  years,  had  been  emaciating  foi 
a  year  after  preceding  digestive  disorder.  The  filtrate  from 
the  two  flasks  containing  intestinal  extract  gave,  after  diges- 
tion, the  following  figures  for  nitrogen: 

Unboiled    specimen 0.0200 

Boiled    0.0191 

Increase    0.0009 

Witte  peptone  digestion:  Boiled  and  unboiled  indistinguish- 
able in  biuret  test. 

Pepsin  Test. — Biuret  entirely  absent  in  the  boiled  specimen) 
decided  in  the  unboiled.  A  slight  precipitate  to  phosphotung- 
stie  acid  in  the  boiled  specimen ;  much  more  marked  in  the  un- 
boiled. 

Case  2. — Atrophic  infant  of  six  months;  weaned  at  four 
months;  very  ill-nourished  then  and  had  grown  progressively 
worse  since:  Erepsin  digestion  experiment. 

Unboiled   0.0117 

Boiled    0.0088 

Increase    0.0029 
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Witte  peptone  digestion:  Boiled  slightly  more  marked  thaji 
unboiled. 

Pepsin  Test. — A  trace  of  biuret  in  the  boiled  specimen; 
marked  reaction  in  the  unboiled.  Phosphotungstic  predpitata 
slight  in  boiled;  marked  in  unboiled  specimen. 

Case  3. — Atrophic  infant  of  five  months;  weaned  at  threa 
months;  emaciating  continuously  since:  Erepsin  digestion  ex* 
periment. 

Unboiled  0.0144 

Boiled   0.0144 

Increase    0.0000 

Witte  peptone  digestion:  Boiled  and  unboiled  indistinguish< 
able. 

Pepsin  Test. — Biuret  absent  in  boiled  specimen,  distinct,  but 
not  very  marked  in  the  unboiled.  Phosphotungstic  precipitate 
very  slight  in  the  boiled;  more  bulky  in  the  unboiled,  but  leas 
marked  than  in  the  other  cases. 

Case  4. — Dementia  praecox:     Erepsin  digestion  experiment. 

Unboiled   0.0166 

Boiled   0.0137 

Increase    6.0019 

Witte  peptone  digestion:  Boiled  and  unboiled  indistinguish- 
able. 

Pepsin  Test. — A  trace  of  biuret  in  both  the  boiled  and  the 
unboiled  specimen;  very  slight  in  both,  and  no  difference  ob- 
servable. Slight  phosphotungstic  precipitate  in  both;  no 
marked  difference. 

Case  5. — ^Hydrocephalus:  Erepsin  digestion  experiment.. 

Unboiled  0.0182 

Boiled    0.0179 

Increase    0.0003 

Witte  peptone  digestion:  Boiled  and  unboiled  indistinguish- 
able. 

Pepsin  Test. — ^Faint  trace  of  biuret  in  both  the  unboiled  and 
the  boiled  specimen,  and  a  very  slight  phosphotungstic  pre- 
cipitate  in  each. 

COXTBOL  CASES. 

Case  6. — Infant  of  nine  months,  dead  of  general  tuberculo- 
sis:    Erepsin  digestion  experiment. 

Unboiled  2-2?92 

Boiled 00^^ 

Increase    0.0194 

Witte  peptone  digestion:  Boiled  pronounced  biuret,  un- 
boiled very  slight. 
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Case  7. — Infant  of  five  and  a  half  months,  dead  of  slow  star- 
vation. (Extremely  insufficient  feeding  by  an  ignorant  mother; 
admitted  moribund)  :   Erepsin  digestion  experiment. 

Unboiled   0.0215 

Boiled    0.0147 

Increase 0.0068 

Witte  peptone  digestion:  Boiled  very  distinctly  more  marked 
than  unboiled. 

Case  8. — Adult,  died  in  convalescence  from  typhoid  fever, 
after  a  long  illness  and  extreme  emaciation:  Erepsin  digestion 
experiment. 

Unboiled   0.0229 

Boiled   0.0117 

Increase    0.0112 

Witte  peptone  digestion:    Boiled  marked,  Unboiled  slight. 
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That  exposure  to  the  a*-rays  might  be  useful  in  the  treatment 
of  unresolved  pneumonia  was  suggested  by  one  of  us^  in  discus- 
sing the  effects  of  the  ar-rays  on  metabolism  in  leukemia.  It 
was  then  stated  that  the  remarkable  effect  that  this  agent  usually 
exerts  upon  metabolism  is  most  readily  and  most  satisfactorily  ex- 
plained by  considering  it  to  be  due  to  action  upon  ferment  processes 
normally  resident  in  the  tissues;  the  action  in  this  instance  apparently 
being  to  accelerate  autolytic  processes  inherent  in  the  tissues.  The 
reasons  then  evident  for  adhering  to  this  view  were  given  at  that  time, 
and  continuetl  studies  of  the  effect  of  ar-rays  upon  metabolism  in 
various  diseases — studies  now  amounting  to  twelve — have  emphasized 
our  opinion  that  this  is  the  most  satisfactory  conclusion  to  be  reached. 
Further  consideration  vriW  be  given  this  point  in  a  more  extended 
discussion  of  the  accumulated  results  in  the  various  conditions 
studied,  and  it  is,  therefore,  unnecessarj'  to  burden  the  present 
communication  with  it. 

Granting  the  correctness  of  the  view  mentioned  concerning  the 
action  of  the  x-rays,  the  idea  at  once  presents  itself  that  treatment  with 
this  agent  may  be  beneficial  in  many  conditions  in  which  metal)olism 
is  not  sufficiently  active;  but  there  is  great  difficulty  in  determining 
this  point,  on  account  of  our  very  limited  knowledge  of  most  con- 
ditions in  which  such  metabolic  inactivity  is  suspected  of  being 
present.  As  was  said,  however,  in  the  paper  first  referred  to,  our 
present  knowledge  of  the  process  of  resolution  of  a  pneumonic 
exudat  indicates  that  unresolved  pneumonia  is  the  most  e\i~ 
dently  suitable  condition  in  which  to  try  the  effect  of  the  ar-rays 
from  this  point  of  view.     We  know  that  ferment  processes  cause  the 

>  Musser  and  Edsall.    Trans.  Aaaoe.  .Amer.  Phys..  1905;  Univ.  Penn.  BulL.  Sq>tember.  1905. 
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digestion  and  resolution  of  the  exudate  in  the  ordinary  pneumonias 
that  pursue  a  satisfactory  course;  and  lack  of  resolution,  while  some- 
times really  a  continued  inflammation,  appears  from  Flexner's  obser- 
vations to  be  often  due  to  insufficiency  or  absence  of  digestion 
of  the  exudate.  In  the  latter  case  evidently  the  rational  therapy 
is,  if  possible,  to  excite  or  accelerate  the  action  of  the  ferments 
that  should  digest  the  exudate. 

The  possible  suitability  of  the  a:-rays  as  a  therapeutic  measure 
in  this  condition  led  to  its  being  used,  in  April,  1905,  in  a  case  that 
has  already  been  mentioned,^  Since  that  time  we  have  kept  under 
careful  observation  the  cases  of  delayed  resolution  of  pneumonic 
exudate  that  have  come  to  our  notice,  with  a  view  to  choosing 
from  them,  for  this  treatment  and  for  a  study  of  metabolism  while 
under  treatment,  those  cases  that  seemed  fairly  certain  not  to  undergo 
resolution  under  ordinary  treatment,  or  to  resolve  so  slowly  and 
imperfectly  as  to  lead  to  permanent  crippling  of  the  lung.  We 
limited  our  choice  also  to  cases  in  which  noteworthy  fever  and  all 
other  evident  signs  of  continued  active  pneumonitis  were  ab- 
sent. 

Of  the  five  such  cases  that  became  available — all  fever  and  evi- 
dences of  distinct  toxemia  having  disappeared,  and  the  signs  of  sol- 
idification having  been  stationary  for  at  least  ten  days  or  a  fortnight — 
three  patients  grew  weary  of  the  waiting  that  we  had  imposed  upon 
them  and  insisted  upon  leaving  the  hospitals  in  which  they  had  been 
kept  under  observation,  so  that  our  further  studies  of  this  question 
have  been  confined  to  two  cases.  The  conditions  of  metabolism 
observ'ed  in  these  cases  while  under  treatment  with  rc-rays  were, 
however,  so  striking  and  the  clinical  effects  in  them  and  in  the 
case  previously  mentioned  appeared  so  uniformly  good,  that  it 
seems  proper  to  describe  the  results  in  them,  in  order  to  encourage 
a  more  extensive  test  of  the  treatment.  In  such  tests,  however, 
a  few  considerations  need  to  be  kept  in  mind,  in  order  that  the 
conclusions  may  be  just. 

In  the  first  place  no  results  can  be  expected  unless  the  duration 
of  the  condition  has  been  reasonably  short — a  few  weeks  at  most — 
for,  if  organization  of  the  exudate  has  occurred,  a  satisfactory 
result  of  treatment  is  almost  inconceivable. 

Secondly,  the  condition  should  be  chiefly  a  real  lack  of  resolution 
and  not  a  continued  inflammation  of  the  lung.  We  are  unable  to 
state  what  effect  the  x-rays  may  have  upon  chronic  pneumonia, 
but  we  are  not  dealing  with  this  point;  and  in  testing  the  effect 
upon  delayed  resolution  as  such,  active  continued  inflammation 
should  be  excluded  as  far  as  possible.  To  exclude  even  slight 
grades  of  chronic  inflammation  would  be  exceedingly  difficult, 
for  such  slight  grades  produce  no  symptoms  that  are  distinguishable 

*  Musser  and  Edsall,  loc.  cit. 
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from  those  due  to  the  exudate  itself;  and,  Indeed,  a  low-jjrade  in- 
flammation is  prol)ahIy  always  present,  even  comparatively  eariy, 
and  certainly  when  organization  begins.  Such  a  condition  we  could 
not  reasonably  desire  to  exclude,  hut  we  should  exclude  those 
cases  in  which  decided  fever  and  other  evident  symptoms  of  per- 
sistent active  inflammation  and  toxemia  exist;  for,  when  these  are 
the  chief  abnormalities  present,  resolution  of  the  exudate  may  be 
impossible,  and  may  also  be  of  little  or  no  value  for  the  time  being. 
In  the  low-grade  inflammation,  however,  that  appears  to  be  due 
largely,  and  perhaps  entirely,  to  the  persistence  of  the  exudate, 
resolution  of  the  latter  would  probably  be  accompanied  by  cessation 
of  the  inflammation. 

Thirdly,  it  is  excetlingly  important  to  determine,  as  far  as  possible, 
that  one  is  actually  dealing  with  unresolvetl  pneumonia  and  not 
with  tuberculosis.  Many  cases  that  are  hastily  thought  to  be 
unresolved  pneumonia  are,  of  course,  unquestionably  tuberculous; 
and  judgment  as  to  the  value  of  a  treatment  of  unresolved!  pneu- 
monia cannot  be  based  upon  them.  If  cases  fail  to  resolve  under 
the  influence  of  the  ar-rays,  it  should  be  determined  before  using 
them,  in  reaching  a  decision,  whether  they  are  or  are  not  instances 
of  tuberculosis. 

Finally,  we  would  earnestly  recommend  that  the  use  of  the  x-rays 
in  the  treatment  of  cases  of  this  or  any  other  kind  be  undertaken 
with  a  proper  realization  of  the  fact  that  there  are  dangers  associated 
with  it;  and  the  treatment  should,  therefore,  be  begun  tentatively, 
and  with  brief  exposures  and  small  doses,  until  it  is  determined  in 
the  individual  case  that  serious  results  are  not  likely  to  ensue. 
This  is  an  additional  reason  for  excluding  those  cases  in  which  there 
is  marked  fever  and  in  which  other  evidences  of  toxemia  are  present. 
For  reasons  that  we  shall  point  out  in  another  paper,  we  are  con- 
vinced that  persons  that  are  already  the  subjects  of  a  noteworthy 
degree  of  toxemia  are  more  likely  than  others  to  be  dangerously 
affected  by  exposures  to  the  a--rays;  and  until  our  knowledge  of  the 
contraindications  to  the  use  of  the  x-rays  becomes  better  defined,  we 
believe  that  with  all  such  persons  the  use  of  this  agent  should  be 
withheld  unless  there  are  urgent  reasons  for  administering  it. 

We  would  also  at  this  point,  and  for  the  reason  just  given 
advise  that  the  x-rays  be  not  tried,  at  least  until  their  effects  are  better 
understood,  in  the  treatment  of  pneumonia  during  the  course  of 
this  disease.  Such  treatment  has  already  been  used  purely  empir- 
ically, and  if  we  are  correct  in  thinking  that  resolution  may  be 
hastened  in  unresolved  pneumonia  by  the  use  of  the  x-rays,  a 
very  natural  corollary  of  this  idea  would  be  tlie  thought  that  expo- 
sures to  tlie  x-rays  during  the  course  of  pneumonia  might  hasten 
resolution  and  shorten  or  favorably  modify  the  course  of  the  disease. 
We  do  not,  however,  subscribe  freely  to  such  a  notion,  the  chief  objec- 
tion to  it  being  that  the  most  important  factor  in  the  course  of  most 
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pneumonias  is  not  the  presence  of  a  mass  of  exudate  in  the  lung,  but 
the  presence  of  a  dangerous  toxemia.  Resolution  of  the  exudate 
might,  if  it  could  be  accomplished,  be  associated  with  control  and 
reduction  of  the  toxemia,  but  it  is  equally  possible  that  it  might 
not  influence  the  toxemia  to  an  important  degree;  and  the  point  we 
would  make  at  present  is  that  whatever  might  be  the  result  upon 
the  local  mass,  there  is  actually  serious  danger  that,  if  resolution 
could  be  accomplished,  the  sudden  digestion  of  the  exudate  and 
absorption  of  its  products  might,  if  occurring  during  the  course  of  a 
severe  toxemia,  be  productive  of  much  more  harm  than  good. 

The  main  clinical  features  of  our  cases  will  first  be  given, 
including  the  case  that  has  already  been  briefly  reported  in  the 
paper  referred  to. 

Case  I. — A  man,  aged  fifty-six  years,  was  admitted  to  the  Episco- 
pal Hospital  in  the  service  of  Dr.  A.  A.  Stevens,  on  March  13,  1905. 
He  had  been  taken  acutely  and  severely  ill  three  days  before  with 
high  fever,  dyspnea,  and  pain  in  the  right  side;  and  presented  the 
usual  signs  of  a  pneumonia  involving  the  whole  right  upper  lobe. 
His  disease  ran  a  moderately  severe  course,  and  crisis  occurred  on 
March  20.  The  fever  and  the  signs  of  toxemia  disappeared  at 
this  time,  but  the  consolidation  persisted,  and  was  still  present  and 
but  httle  changed  when  seen  by  Dr.  Edsall  on  April  1.  There 
was  no  noteworthy  change,  except  a  very  moderate  degree  of  lessening 
in  the  intensity  of  the  signs,  up  to  April  21,  on  which  date  it  was 
ordered  that  he  be  given  over  the  affected  area  five-minute  exposures 
to  the  a:-rays.     These  were  continued  for  four  days. 

During  Dr.  Edsall 's  temporary  absence  from  town.  Dr.  George 
W.  Norris  kindly  watched  the  course  of  the  case  during  the  next 
week.  There  was  no  special  change  in  the  man's  general  condition, 
which  was  already  satisfactory,  but  on  April  23  it  was  noted  that 
there  were  many  rales  in  the  affected  area  of  the  lung  and  that  the 
breathing  was  somewhat  cavernous  in  type  in  the  upper  portion 
of  the  lobe,  below  this  bronchovesicular.  Three  days  later  he  was 
noted  still  to  have  a  moderate  number  of  rales  in  this  lobe,  while 
the  breathing  had  become  bronchovesicular  everywhere.  The 
dulness  had  greatly  decreased.  When  seen  by  Dr.  Edsall  on  April 
27  the  rales  had  disappeared;  there  was  very  slight  dulness  over 
the  upper  half  of  the  lobe,  with  no  dulness  elsewhere;  the  breathing 
was  a  little  weak  over  the  whole  lobe,  expiration  being  slightly 
prolonged.  A  week  later,  when  discharged,  there  was,  except  for 
slight  weakness  of  the  breath  sounds  over  this  lobe,  practically  no 
abnormality  left.  The  man's  general  condition  was  entirely  satis- 
factory. 

Case  II. — A  Norw^egian  sailor,  aged  twenty-eight  years,  was 
admitted  as  a  British  Consul  case  to  the  University  Hospital  under 
the  care  of  Dr.  HoUingsworth  Siter,  who  kindly  gave  us  the  oppor- 
tunity to  study  the  patient.     It  was  difficult  to  secure  a  detailed 
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history  from  him;  but  it  appeared  that  while  at  sea  he  ha<I  l>een 
taken  acutely  ill  with  fever,  dyspnoea,  and  pain  in  the  left  side. 
He  had  been  ill  for  eight  days,  when  he  had  had  an  apparent  crisis; 
and  the  day  following,  when  he  arrived  in  port,  he  had  been  sent 
at  once  to  the  University  Hospital.  When  admitted  his  tempera- 
ture and  pulse  were  normal  and  his  general  condition  was  entirely 
good,  but  he  still  had  the  signs  of  marked  solidification  in  the  left 
lower  lobe,  involving  the  whole  of  the  upper  part  of  the  lol>e  and 
reaching  down  to  the  level  of  the  ninth  rib. 

For  three  days  there  was  no  change  in  these  signs;  but  throughout 
the  next  five  days  there  appeared  to  be  a  slight  improvement,  the 
dulness  becoming  less  intense  and  the  breath  sounds  less  harshly 
bronchial.  From  this  time  on,  however,  for  two  weeks  the  signs 
remained  stationary;  and  when  he  was  first  exposed  to  the  x-rays 
he  had,  over  the  whole  upper  part  of  the  left  lobe  down  to  the  level 
of  the  ninth  rib,  a  moderate  degree  of  dulness,  with  moderate  bron- 
chial breathing  and  increased  fremitus.  Rales  were  absent.  An 
x-ray  picture  was  taken  at  the  first  exposure,  and  this  showed  a 
moderately  intense  shadow  in  the  area  corresponding  to  the  signs 
described. 

He  was  exposed  daily  for  seven  days.  Two  d  ays  after  the  first  expos- 
ure there  was  no  striking  change,  although  it  was  noted  that  the  dulness 
was  perhaps  less  marked  and  that  there  were  a  few  fine  rales  in  the 
affected  area.  Two  days  after  this  it  was  noticed  that  the  dulness  had 
receded  upward  for  about  an  inch  and  a  half  and  that  even  above  this 
point  the  dulness  was  less  marked;  the  breathing  was  much  less 
harsh,  and  was  bronchovesicular;  it  could  not  be  determined  that  the 
fremitus  was  increased,  and  there  were  many  fine  rales  over  the 
upper  part  of  the  lobe.  Three  days  later,  at  the  end  of  the  experi- 
ment, no  abnormahties  could  be  discovered,  except  slightly  weak 
breathing  over  the  diseased  lobe  and  a  small  area  of  dulness,  about 
an  inch  in  diameter,  at  the  upper  extremity  of  the  lobe.  An  x-ray 
picture  taken  at  this  time  showed  nothing  abnormal  except  a  small, 
indistinct  shadow  at  the  area  in  which  a  trace  of  dulness  was  still 
found.      The  man  appeared  to  be  entirely  well  in  other  ways. 

Case  HI. — A  Cuban,  aged  thirty-four  years,  was  atlmitted  to  the 
Pennsylvania  Hospital,  in  the  senice  of  Dr.  Arthur  V.  Meigs,  who 
kindly  gave  us  the  opportunity  to  study  him.  Dr.  Longcope  also 
made  frequent  notes  of  his  case,  of  which  we  shall  give  an 
abstract,  and  was  likewise  kind  enough  to  watch  carefully  over 
the  details  of  the  weighing  of  his  foot!  in  the  metabolism  experi- 
ment, the  securing  of  the  twenty-four  hours'  urine,  etc. 

The  patient  was  admitted  on  the  fourth  day  of  an  illness  that 
had  come  on  with  the  usual  symptoms  of  an  acute  pneumonia 
of  the  right  side.  Examination  of  the  right  lung  showed  dulness 
over  the  whole  lower  lobe,  with  bronchial  breathing  and  increased 
fremitus  and  vocal  resonance,  and  with  fine  crepitant  rales  over  this 
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area.  The  upper  portion  of  this  lung  was  negative,  as  was  the  left 
lung.  The  examination,  otherwise,  is  of  no  consequence.  On  the 
5th,  his  condition  was  worse,  the  pneumonia  having  extended 
throughout  the  lung.  The  signs  over  the  lower  lobe,  however, 
had  decreased  somewhat  in  intensity.  On  the  8th,  he  had  the 
usual  signs  of  crisis,  but  the  lung  remained  solidified.  Three 
days  later  the  lower  lobe  appeared  to  be  slowly  clearing  up,  but  the 
uppper  lobe  remained  solidified.  On  the  21st,  thirteen  days  after 
the  crisis,  the  lower  lobe  had  cleared  up  with  practical  complete- 
ness, but  the  upper  lobe  remained  unchanged  and  was  entirely 
solidified.     Tubercle  bacilli  were  absent  from  the  sputum. 

On  this  date  the  first  a:-ray  exposure  was  given  him,  a  picture 
being  then  taken  which  showed  a  shadow  corresponding  with  the 
signs  of  solidification  in  the  upper  lobe.  Two  days  later  it  was 
noted  that  the  breathing  was  less  harsh  and  the  dulness  less  marked, 
but  the  signs  were  not  strikingly  changed.  On  the  26th  the  signs 
were  decidedly  less  marked,  dulness  and  bronchial  breathing  being 
much  less  pronounced.  On  the  28th  there  was  still  some  dulness, 
but  it  was  decreased.  The  breathing  was  blowing,  but  not  dis- 
tinctly bronchial.  On  March  1  the  dulness  reached  only  to  the 
third  rib,  and  was  slight,  the  breathing  still  being  somewhat 
blowing.  On  the  3d  the  signs  were  about  as  last  noted.  On  the 
6th  there  was  still  slight  dulness  to  the  third  rib  anteriorly.  Pos- 
teriorly, the  resonance  above  the  spine  of  the  scapula  was  skodaic. 
The  breath  sounds  were  somewhat  harsh  over  the  dull  area,  but  not 
tubular.  Rales  w^ere  absent.  The  patient  was  discharged  two 
days  later,  at  his  own  request,  in  apparently  normal  condition, 
except  for  the  signs  mentioned.  The  a;-ray  exposures  subsequent 
to  the  21st  occurred  on  the  24th,  26th,  27th,  and  28th  of  February; 
and  the  1st,  3d,  4th,  5th,  6th,  and  7th  of  March. 

Metabolism  experiments  w^ere  carried  out  in  the  two  cases  last  de- 
scribed. As  previous  studies  had  shown  no  noteworthy  influence  of 
the  x-ray  exposures  upon  absorption  from  the  alimentary  tract  the 
feces  were  not  studied.  The  patients  w^ere  given  a  diet  composed  of 
milk,  bread,  butter,  eggs,  rice,  potatoes,  and  sugar.  The  food  was  from 
he  sa  me  source  each  day  and  was  accurately  weighed  or  measured. 
The  amount  of  nitrogenous  intake  was  calculated  from  the  weight 
records  of  the  food,  using  figures  that  we  had  previously  obtained 
from  numerous  determinations  of  the  same  food.  The  salt  also 
was  kept  at  the  same  amount  each  day,  in  order  that  variations 
should  not  influence  the  chloride  determinations;  and  :t  should  be 
noted  that  the  diet  was  purin-free  and  hence  that  variations  in  the 
uric  acid  were  due  solely  to  changes  in  metabolism,  and  not  to 
changes  in  the  food.  Before  studies  of  metabolism  were  begun, 
the  patients  were  put  for  three  days  on  the  diet  described.  For 
several  days  control  studies  were  then  made,  and  after  this  the 
a:-ray  exposures  were  commenced.     Each  "x"  in  the  second  column 
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indicates  an  exposure;    it  is  to  be  noted  that  the  effect  is  shown 
in  the  figures  of  the  following  day. 


oB-ray 

Table 
Nltniren 

I.     Ca.se  I 

I. — Urine. 



I>ate. 

expocarea. 

ingest  L-d 
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12.600 
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"    18 

6.54 

5.262 

8.262 

0.t»44 

1.296 

"    14 

18.06 

14.840 

11.125 

0.3022 

Z710 

"    16 

13.08 

9.908 

13.360 
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"    16 

X 
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8.  IAS 
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1.7)6 

..    17 

X 

13.08 

17.875 
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*•    18 

X 

13.08 

Lmt 

"    19 

X 

13.08 

IO.J'19 

14.630 

0.3190 

^296 

"    20 

X 

13.08 

11.464 

14.490 

0.3622 

Z2S0 

••    21 

X 

13.08 

9.222 

14. 170 

0.2754 

1.861 

"    22 

X 

iao8 

8.119 

16.250 

0.8917 

2.168 

"    23 

X 

18.08 

9.863 

17.250 

0.3346 

1.906 

«    24 

13.08 

11. 752 

16.880 

0.»720 

2.080 

"    25 

13.06 

7.au7 

14.560 
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Table  II.    Case  III. — Urine. 


x-ray 

Nitrogen 
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Nitrogen. 

Ctilorides. 

Uric  add. 
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1.169 
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X 
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X 
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X 
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X 
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X 
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1.406 
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X 
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"      2 

" 
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6.300 

0.2962 

1.800 

"      3 

X 

4.3as 

2.240 

0.1440 
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••      4 

X 

" 

11.230 

4.042 
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1.764 

"      5 

X 

4.211 

2.880 

0.0740 

a920 

Clinically  then  in  these  three  cases  the  result  was  in  each  instance 
a  rather  rapid  clearing  up  of  most — in  two  cases  practically  all — of 
the  signs  of  solidification  that  had  previously  persisted  in  the  three 
cases,  respectively,  for  one  month,  two  weeks,  and  thirteen  days, 
without  improvement.  The  relation  of  the  improvement  to  the 
x-ray  treatment  may  have  been  merely  a  coincidence,  for  these 
exudates  often,  without  any  evident  reason,  clear  up  after  more  or 
less  delay.  Three  cases  do  not  suffice  to  decide  this  point,  but  that 
•the  x-rays  played  a  lively  part  in  causing  the  improvement  appears 
to  be  at  least  probable,  when  one  considers  tlie  influence  that  the 
x-ray  exposures  had  upon  metabolism. 

In  Case  II,  as  a  result  of  the  first  exposure  (which  was  onli/  eight 
seconds  long,  but  was  actually  a  fairly  intense  exposure,  since  it 
was  one  intended  to  produce  a  negative),  the  nitrogen  increased 
to  more  than  double  what  it  had  been  before,  and  the  chlorides 
showed  an   almost  equally  striking  increase;  tlie  phosphates  were 


8  EDSALL,    PEMBERTON:   x-rays   in  unresolved   PNEUNOMIA 

somewhat  less  decidedly  increased,  while  the  uric  acid  showed 
relatively  little  change.  The  increase  persisted  in  less-marked 
degree,  gradually  decreasing  coincidently  with  the  decrease  of  the 
solidification,  and  when  the  latter  had  disappeared,  excretion  had 
reached  about  its  former  level. 

In  Case  III,  the  relation  of  the  excretion  to  the  .r-ray  exposures 
is  even  more  striking.  The  first  exposure  was  followed  by  a  decided 
increase.  Owing  to  a  misunderstanding,  the  next  exposure  was 
not  given  for  three  days,  and  in  the  interval  the  excretion  dropped 
decidedly;  after  the  second  exposure  there  was  a  moderate  rise  and 
then  there  was  again  an  interval  of  two  days  between  the  exposures, 
and  the  second  increase  of  excretion  was  also  followed  by  a  decided 
drop.  The  subsequent  daily  exposures  were  accompanied  by  an 
increase  that  was  somewhat  irregular,  but  became  extremely  re- 
markable on  March  1.  Again  following  the  omission  of  an 
exposure  on  March  2,  the  urine  of  the  3d  shows  a  striking  drop, 
and  finally,  in  this  case  also,  as  the  solidification  largely  disappeared, 
the  excretion  appeared  to  be  dropping  pretty  well  to  the  original 
point,  in  spite  of  continued  exposures,  though,  as  the  patient  was  soon 
to  leave  the  hospital  we  could  not  carry  the  observations  far  enough 
to  determine  the  latter  point  positively.  At  the  end  of  the  ex- 
periments in  the  two  cases  the  first  patient  was  retaining  a  great 
deal  of  nitrogen  and  the  second  patient  was  showing  a  strong 
tendency  to  retention;  while  in  the  periods  during  which  they  showed 
a  marked  increase  in  the  excretion  as  the  result  of  the  x-ray  exposures 
both  were  showing  a  very  decided  loss  of  nitrogen. 

The  figures  that  we  have  given  show  that  the  effect  upon  metab- 
olism was  indeed  a  most  remarkable  one.  We  have  seen  similarly 
profound  effects  only  in  one  of  the  cases  of  leukemia  that  we 
have  previously  described — in  which  there  was  an  extremely  rapid 
improvement  in  general  condition,  splenic  tumor,  and  leukocytosis — 
and  in  the  two  cases  of  general  toxic  reaction  that  we  shall 
describe  in  another  paper,  though  it  should  be  noted  that  in  the  two 
latter  cases  the  effect,  while  profound,  differed  strikingly  from  that 
in  the  case  of  successfully  treated  leukemia  and  in  these  cases  of 
imresolved  pneumonia. 

Since  such  a  remarkable  effect  was  exerted  upon  metabolism, 
and  since  this  was  coincident  with  rapid  improvement  in  the  pul- 
monary signs,  it  would  appear  highly  probable  that  the  x-rays 
caused  the  improvement.  The  conditions  observed  are,  in  fact, 
extremely  similar  to  those  that  occur  at  the  time  of  an  ordinary 
crisis  in  a  favorably  progressing  pneumonia;  that  is,  the  exudate 
grows  moist  and  clears  up  within  a  short  time  and,  coincidently 
with  this,  there  is  a  large  increase  in  the  metabolic  output  through 
the  urine. 

Whether  the  a:-rays  will  prove  to  be  of  great  importance  in  the 
treatment  of  unresolved  pneumonia  is,  therefore,  a  question  that 
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is  worth  .settling,  hut  it  is  one  lor  me  iiiiun'  to  (i«f|(i«*.  \Snile, 
however,  this  det'Lsion  is  of  importance,  it  seems  to  us  that  there 
Ls  a  broa<ler  interest  in  the  question  whether  the  theory  that  was 
the  basis  of  these  obserAations — the  theory  that  the  x-rays  act  upon 
metabolism  chiefly  as  a  ferment  accelerator — is  correct  or  not 
When,  for  example,  one  administers  hydroc-hloric  acid  with  pejisin 
or  alkalies  with  pancreatin,  one  consciously  or  unconsciously  uses, 
to  be  sure,  the  same  principle;  that  Ls,  one  attempts  to  provide 
conditions  that  are  known  to  be  especially  favorable  to  the  rapid 
action  of  these  ferments;  but  in  the  manner  in  which  these  measures 
can  now  be  used  artificially,  the  results  of  such  treatment  do  not  at 
best  distantly  approach  those  accomplished  in  natural  circumstances. 
Except  in  a  few  such  simple  and  comparatively  ineffectual  instances, 
this  principle  of  using  measures  that  provide  conditions  that  directly 
accelerate  special  ferment  processes  has  not,  to  our  knowletlge, 
been  deliberately  used  previously  in  the  treatment  of  pathological 
states.  In  case  our  view  is  correct  this  study  fumLshes  the  first 
example  of  the  deliberate  use  of  this  principle  in  the  treatment  of 
disease  that  lies  beyond  the  digestive  tract,  and  more  especially  the 
first  instance  of  the  conscious  use  of  this  principle  with  results  that 
are  so  striking  in  their  effect  as  to  approximate  those  that  the  human 
organism  itself  accomplishes  when  successfully  reacting  to  disease. 

If,  therefore,  we  are  correct  this  is  of  considerable  interest  when 
one  reflects  upon  the  importance  that  ferment  processes  have  assumed 
in  the  last  few  years  in  our  conceptions  of  physiology  and  pathology- 
There  is  at  present  a  widespread  and  somewhat  excited  tendency  to 
give  ferment  processes  a  much  more  overwhelmingly  important  place 
than  has  been  demonstrated  to  be  their  due;  but  the  fact  that  they 
play  an  important  part  in  the  body  economy  is  perfectly  evident, 
and  that  methods  that  would  clinically  influence  them  in  definite 
and  controllable  ways  would  be  of  great  value  scarcely  needs  to  be 
stated. 

Numerous  attempts  have  been  made  to  isolate  and  administer 
ferments  themselves,  of  various  kinds,  in  the  treatment  of  diseases 
in  which  they  are  supposed  to  be  absent;  but  such  attempts  have 
certainly  been,  in  almost  all  instances,  largely  or  entirely  failures. 
This  is  scarcely  to  be  wondered  at,  for  in  the  first  place  knowledge 
of  these  ferments  and  of  their  relation  to  disease  is  in  most  instances 
at  l)est  very  hazy,  and,  furthermore,  attempts  at  isolating  them  are 
built  upon  most  incomplete  and  insecure  methods;  and  it  is  likely 
to  remain  most  questionable  whether  tissue  ferments  can  ever  be 
obtained  in  active  form,  and  then  guided  to  the  proper  spot  still  in 
active  form.  It  is  equally  questionable  whether,  should  they  arrive 
there,  the  disordered  medium  in  which  they  would  often  find  them- 
selves would  be  such  as  to  permit  them  to  act.  Indeed,  it  is  exceed- 
ingly doubtful  whether  the  whole  idea  of  administering  ferments  is 
not  as  a  rule  wholly  unphilosophical,  both  for  the  reasons  given  and 
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because  in  many  of  those  instances  in  which  they  appear  to  be  absent 
they  are  probably  not  entirely  absent,  perhaps  not  even  reduced  in 
amount,  but  are  merely  unable  to  act  properly  owing  to  unfavorable 
chemical  or  physical  conditions.  It  is  possible  that  we  may  ultimately 
learn  to  stimulate  the  production  of  ferments  in  different  organs  with 
some  accuracy,  and  this  may  prove  to  be  occasionally  a  successful 
measure;  but  it  is  at  present  in  the  distance,  and  for  the  reason  men- 
tioned in  the  last  sentence,  it  would  frequently  have  only  ineffectual 
results,  for  it  is  wholly  rational  to  conceive  of  most  varied  chemical 
and  physical  conditions  that  would  more  or  less  completely  interfere 
with  the  action  of  ferments  in  the  tissues,  and  many  such  conditions, 
both  simple  and  complex,  are  already  known.  If  such  conditions 
were  present,  increasing  the  amount  of  ferment  would,  of  itself,  be  of 
no  avail;  and  the  essential  matter  would  be  to  substitute  for  existing 
substances  or  conditions  others  that  would  inaugurate  or  accelerate 
the  action  of  the  ferment  that  is  present.  This  is  probably  done 
already  in  using  various  therapeutic  measures  that  have  been  evolved 
empirically;  many  drugs,  for  instance,  are  known  to  have  a  very 
marked  effect  upon  a  number  of  catalytic  processes,  and  observations 
yet  unpublished,  that  Dr.  Casper  Miller  and  Dr.  Edsall  have  made, 
indicate  that  the  striking  lesions  produced  by  toxic  doses  of  mercury, 
and  probably  the  remarkable  effect  that  mercury  exerts  on  syphilitic 
tissues,  are,  partly  at  least,  the  result  of  increased  autolytic  activi- 
ties. The  conditions  under  which  a  ferment  acts  are  probably 
more  frequently  important  in  producing  pathological  states  than  is 
the  amount  of  ferment  present,  for  ferments  are  exceedingly  sensitive 
to  the  conditions  under  which  they  act,  in  both  a  positive  and  a 
negative  way,  and  the  conditions  influencing  them  are  exceedingly 
numerous  and  varied.  The  almost  inconceivably  energetic  effect 
of  conditions  that  have  a  very  marked  accelerator  action  is  shown, 
for  example,  by  the  fact  that  the  intestinal  wall  appears  to  be  able 
in  the  brief  period  that  is  necessary  for  their  passage  through  it, 
to  rebuild  into  the  native  protein  of  the  individual  the  fragments 
of  protein  broken  down  in  digestion,  while  the  best  conditions 
that  experimenters  can  now  provide  furnish,  even  after  long 
periods  of  action,  at  most,  only  doubtful  evidence  of  slight  artificial 
imitation  of  such  a  process;  and,  on  the  other  hand,  as  is  well 
known,  mere  traces  of  certain  substances,  such  as  hydrocyanic  acid, 
will  greatly  retard  or  wholly  interfere  with  the  action  of  relatively 
enormous  quantities  of  some  catalyzers. 

This  casual  mention  of  some  of  the  most  evident  conditions  that 
are  known  to  influence  the  action  of  ferments  suffices  to  make  it 
reasonably  clear  that  if  a  study  of  ferments  is  to  become  of  value 
clinically  it  is  likely  to  be  chiefly  through  determining  the  conditions 
that  influence  the  activity  of  individual  ferments  under  normal 
and  pathological  conditions  and  through  making  use  of  measures, 
clinically  applicable,  that  can  be  shown  to  provide,  of  themselves 
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and  direttly,  favorable  coiulitions  for  the  ac-tion  of  these  ferments, 
or  that  overcome  unfavorable  conditions. 

Whether  our  view  regarding  the  action  of  the  ar-rays  and  their 
effect  in  unresolved  pneumonia  Is  correct  or  not  the  future  will 
probably  see  the  principle  upon  which  we  were  working  ase<l  many 
times,  as  knowledge  of  ferments  and  of  their  accelerator  and  anti- 
accelerator  conditions  increases.  That  which  has  just  been  said 
must  not,  however,  be  misinterpreted.  It  is  intended  largely  as  a 
protest  against  the  blind  but  common  belief  in  a  mysterious  value  of 
ferments  as  therapeutic  agents,  a  faith  that  gives  opportunity  to 
manufacturers  to  foist  upon  many  of  the  profession  preparations 
that  are  even  supposed  to  contain,  isolated  and  in  active  form, 
ferments  that  are  by  no  means  definitely  known  to  exist;  and  still 
more  would  we  protest  against  the  excited  enthusiasm  of  those 
investigators  whose  work  has  been  such  as  to  lend  them  the  respectful 
attention  of  the  profession,  and  who  now  seem  occasionally  to  be 
heralding  the  approach  of  a  therapeutic  millenium  that  is  to  be 
distinguished  chiefly  by  the  administration  of  ferments.  We  would 
not  be  thought  to  believe,  however,  that  there  is,  instead  of  thLs, 
a  nearer-by  millenium,  in  which  knowledge  of  the  conditions  in 
which  ferments  act  will  lead  to  inevitable  success  in  the  treatment 
of  disease.  We  would  merely  point  out  that  in  contrast  with  the 
dubious  plan  of  treating  disease  by  administering  ferments,  those 
who  think  conserv-atively  in  regard  to  this  matter  can  scarcely 
believe  that  much  wall  ever  be  accomplished  in  a  large  proportion 
of  cases  in  which  ferment  action  is  at  fault  except  by  modifying 
the  conditions  under  which  ferments  act.  Through  happy  chance 
it  will  not  improbably  occur  that  occasionally  the  knowledge  that 
accumulates  will  be  made  of  senice  in  successful  therapeutic 
practises,  if  this  manner  of  viewing  the  relation  between  ferments 
and  therapeutics  is  held  in  mind;  but  any  such  success  will  almost 
certainly,  for  a  long  time  to  come,  be  largely  the  result  of  happy 
chances  that  are  pointed  out  by  a  modicum  of  suggestive  investi- 
gation. It  will  surely  be  a  wearily  long  period  before  slow,  pains- 
taking, and  complex  investigations  make  it  possible  to  apply  any 
such  principles  in  a  considerable  number  of  cases  with  a  just 
expectation  of  success.  The  exciting  work  on  ferments  that  has 
occurred  in  recent  years  has  greatly  transformed  the  point  of  view 
assumed  in  attacking  problems  in  pathology,  but  has  not  in  other 
ways  profoundly  simplified  these  problems.  The  difficulties  and 
complexities  have  not  been  essentially  lessened;  their  nature  has 
rather  been  made  more  evident. 
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In  the  course  of  the  last  few  years  evidence  has  been  accumu- 
lating that  x-TSij  exposures  may  have  seriously  undesirable  effects 
upon  the  tissues  in  the  interior  of  the  body,  as  well  as  upon  the  skin 
and  other  superficial  structures;  and  of  these  evil  effects  that  which 
arouses  most  marked  attention,  because  it  is  most  dangerous,  is 
the  more  or  less  profound  and  sometimes  fatal  reaction  that  has 
occasionally  been  observed  soon  after  exposure,  and  that  is  charac- 
terized chiefly  by  signs  indicating  an  acute  intoxication.  It  would 
be  superfluous  to  review  the  evidence  demonstrating  the  occur- 
rence of  such  reactions  and  their  definite  relation  to  a:-ray  exposures. 
Both  these  points  have  been  shown  with  sufficient  clearness,  and 
both  are  generally  accepted.  We  have  ourselves  seen  three  cases 
in  which  a  most  severe  reaction  occurred  after  one  exposure  to 
the  ar-rays;  two  of  these  cases  ended  fatally  a  short  time  after- 
ward, while  the  third  patient  became  profoundly  ill,  but  ultimately 
recovered.  In  two  of  these  cases  the  exposure  to  the  a:-rays  was 
ordered  by  colleagues;  in  the  other,  we  were  ourselves  responsbile 
for  its  use. 

Since  the  a;-rays  are  of  great  importance  in  the  diagnosis  of  many 
conditions,  and  apparently  also  of  considerable  therapeutic  value, 
it  is  most  earnestly  to  be  desired  that  the  character  of  the  disturbance 
producing  these  occasional  toxic  reactions  be  determined,  in  order 
that  we  may  thereby  attempt  to  devise  a  well-founded  method  of 
preventing  the  reactions,  while  still  continuing  to  use  the  ar-rays, 
when  they  are  in  place.  We  have  had  the  rather  remarkable  fortune 
of  having  studied  the  conditions  of  metabolism  in  two  such  cases, 
just  before,  during,  and  after  violent  reactions;  the  cases  having 
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been  subjected  to  study  for  other  reasons,  and  wiiiiout,  ol  course, 
any  expectation  that  reactions  would  (xtiir.  We  have  by  this 
chance  been  enabled  to  determine  the  alterations  in  metabolism  at 
the  time  of  the  reaction,  and  have  obtained  results  that  seem  to 
demonstrate  the  general  nature  of  the  reaction  and  to  sound  a  warn- 
ing against  the  use  of  the  ar-rays  in  certain  kinds  of  cases.  With 
us,  indeed,  these  results  will  constitute  a  prohibition  against  the  use 
of  ar-rays  in  such  cases  until,  at  any  rate,  our  knowledge  becomes 
more  exact,  unless  most  urgent  and  exceptional  reasons  seem  to 
justify  us  in  running  some  risk  in  occasional  instances. 

The  cases  do  not  require  extended  clinical  description,  and, 
because  both  may  be  reported  for  other  reasons  by  those  who 
had  clinical  charge  of  them,  we  shall  give  only  the  details  essential 
to  our  purpose. 

Case  I. — A  man,  aged  forty-three  years,  with  pernicious  anemia, 
was  seen  in  Dr.  Stengel's  ser%ice  at  the  University  Hospital.  Dur^ 
ing  several  weeks  of  treatment  with  the  usual  measures  he  grew 
gradually  but  persistently  worse.  Owing  to  the  successful  results 
previously  observed  by  Dr.  EUiston  Morris  and  one  of  us  in  a  case 
of  pernicious  enemia  that  was  resistant  to  ordinary  treatment, 
but  that  improved  to  a  remarkable  degree  under  exposures  to  the 
x-rays,  it  was  suggested  that  this  agent  be  tried  in  this  case.  At 
the  same  time,  however,  it  was  urged  that  the  exposure  be  brief 
and  mild,  because  in  another  case  of  pernicious  anemia  in  which 
a  single  exposure  had  been  ordered  by  Dr.  D.  J.  Milton  Miller, 
which  case,  as  well  as  that  last  mentioned,  has  previously  been 
briefly  reported,*  a  violent  reaction  occurred.  It  should  be  especially 
noted,  for  reasons  that  will  soon  be  apparent,  that  when  the  exposure 
occurred,  and  for  some  time  before,  the  man  presented  slight  fever, 
nausea,  prostration,  and  other  evidences  of  a  noteworthy  degree 
of  intoxication.  His  exposure  was  partly  over  the  thighs  and 
partly  over  the  splenic  region,  its  duration  was,  all  told,  only  five 
minutes,  and  its  intensity  was  very  mild.  Dr.  Pancoast,  who  gave 
it,  informed  us  that  it  was  as  mild  an  exposure  as  he  had  ever 
administered. 

In  spite  of  this  caution,  about  four  hours  afterward  the  man 
became  evidently  very  ill  and  had  a  chill.  His  temperature  rose 
to  103.4°,  his  pulse  became  rapid  and  weak,  and  he  was  much 
prostrated.  The  fever  and  prostration  continued  the  next  day,  and 
for  a  week  afterward  he  refused  to  eat  on  account  of  anorexia  and 
more  or  less  nausea.  His  temperature  gradually  declined  to  the 
previous  level  and  he  improved  a  little,  but  the  gain  was,  at  most, 
very  slight,  and  while  he  was  still  desperately  ill  his  family  insisted, 
about  three  weeks  after  the  occurrence  of  the  reaction,  upon  removing 

>  Musaer  and   Edaall.      Trans.   Amoc.    Amer.   Ph>-B..  1905;   Univ.   Penna.   M«d.   BalL. 
September.  1905. 
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him  to  his  home,  which  was  several  hours'  journey  distant,  and  he 
died  on  the  train. 

The  figures  for  his  metabolism  follow:  It  is  to  be  noted  that, 
beginning  with  the  day  after  the  exposure  to  the  a;-rays,  the  intake 
dropped  to  a  very  low  point.  Two  days  later  he  refused  all  food, 
and  the  only  method  of  nourishment  was  through  nutritive  enemas. 
We  did  not  determine  the  amount  absorbed,  and  therefore  give 
no  figures  for  the  intake;  but  from  our  previous  observations  on 
this  point  and  from  the  fact  that  he  retained  his  enemas  poorly, 
there  is  little  doubt  that  the  amount  of  nitrogen  absorbed  was  not 
above  2.5  grams.  The  figures  given  at  the  end  of  the  table  are  also 
not  absolutely  accurate,  as  the  food  at  this  time  could  not  be  so  care- 
fully controlled,  but  they  are  reasonably  accurate  and  certainly 
sufficiently  generous.  The  drop  in  the  intake  is  a  point  of  im- 
portance, as  will  be  noted  later.  The  "x"  in  the  second  column 
in  the  table  indicates  the  date  of  exposure  to  the  x-rays. 


Table 

I. — Urine. 

a;-ray 
exposures. 

Nitrogen 

Date. 

ingested. 
Grams. 

Nitrogen. 

Uric  acid. 

Phosphates. 

Oct.   9 

10.18 

13. 892 

0.9192 

1.170 

"    10 

11.20 

14. 346 

0.9200 

1.210 

"    11 

11.83 

14. 496 

0. 9594 

1.680 

"    12 

9.76 

8.400 

0.4500 

1.164 

"    13 

.3.40 

10.668 

0. 4908 

2.745 

"    14 

2.50 

12. 096 

0. 7630 

1.680 

"     15 

12.623 

0.^376 

1.200 

"     17 

16.128 

0.9292 

1.476 

"    18 

11.028 

0. 8769 

1.440 

"    21 

12. 096 

0. 7406 

1.575 

"    24 

2.'20 

13. 608 

0. 6255 

2.131 

"    26 

8.60 

11.092 

0.8495 

1.480 

"    31 

3.00 

13. 440 

0. 6836 

1.456 

Nov.  2 

2.00 

8.400 

0.498 

1.728 

Case  II. — This  man,  aged  fifty-two  years,  \\ho  presented  the 
typical  lesions  of  rheumatoid  arthritis,  was  under  the  care  of  Dr. 
Charles  W.  Burr,  at  the  Philadelphia  Hospital,  x-ray  exposures 
were  ordered  by  Dr.  Burr  for  the  purpose  of  treating  his  joint 
condition;  only  one  such  exposure  was  given,  however,  owing  to 
the  violent  illness  that  followed  it.  His  direct  exposure  was  con- 
fined to  one  arm,  from  above  the  elbow  down  to  and  including  the 
hand,  and  was  only  five  minutes  in  duration;  the  arm  was  lying 
well  out  from  the  body,  but  as  the  trunk  was  not  screened  he 
got  a  diffuse  and  more  or  less  distant  exposure  of  the  whole  person. 
It  is  to  be  noted  in  this  case,  also,  that  the  man  was  somewhat  toxic, 
having  for  some  time  had  slight  fever,  moderate  prostration,  and 
occasionally  a  little  delirium  at  night.  These  symptoms  were  ap- 
parently the  result  of  a  rather  severe  chronic  cystitis.  He  had  no 
evidence  of  disease  of  the  kidneys. 

After  the  exposure  the  temperature  rose  slightly  and  he  became 
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evidently  worse  than  he  hjul  l)een  before.  On  the  secoml  «hiy  he 
wa.s  decidedly  more  prastratetl,  his  temperature  was  more  elevate*!, 
and  hii>  condition  was  serious.  On  the  thinl  day  he  was  so  much 
worse  that  it  was  thought  that  he  was  morihund,  and  on  this  day 
it  was  impossible  to  collect  his  urine  accurately,  so  that  the  figures 
for  this  day  are  absent.  After  thus  he  began  to  mend  distinctly, 
and  in  a  few  days  had  returned  to  about  the  condition  that  he  was 
in  before  the  exposure.    The  figures  for  his  raetalxilLsra  follow: 

Table  II. — Ukine. 


Nitrogen 

Date. 

a!-ray 
expobures. 

iDg«sted. 
Grams. 

Nitrogen. 

Chlorides. 

Uric  add. 

Pboapbatei. 

Mar.  21 

12.55 

10. 1848 

6.267 

0.1445 

I.«20 

..    22 

::: 

14.10 

11.667 

6.565 

asass 

1.440 

"    23 

14.45 

11.177 

4.000 

0.37:10 

1.624 

..    24 

12.74 

8.969 

8.  IT.") 

0.4078 

1.576 

"    25 

W.34 

11.088 

6.800 

0.4912 

1.370 

"    26 

X 

1.S.22 

10.164 

6.00*) 

(1. 4762 

1.450 

'•    27 

11.85 

8.920 

4.545 

0.4117 

1.170 

"    28 

11.96 

11.  ISO 

8.3*10 

0.6198 

1.650 

••    29 

13.24 

5.376 

4.  HO 

0. 2:<10 

0.760 

"    30 

12.26 

16.296 

7.2.T0 

0.7835 

2.080 

"    31 

Lost 

appeared 

moribund 

April    1 

li'l5 

10.2816 

4.330 

0.5568 

"      2 

... 

12.96 

7.774 

0.3S18 

The  chief  point  to  be  noted  in  regard  to  the  metabolism  in  these 
two  cases  is  the  remarkable  drop  in  the  excretion  that  followed 
the  exposure,  this  drop  being  followed  subsequently  by  an  equally 
striking  rise  in  the  e.xcretion  to  a  point  much  beyond  that  at  which 
it  had  previously  been.  In  the  first  case,  the  drop  occurred  directly 
after  the  exposure;  in  the  second,  it  was  postponed  for  two  days, 
but  occurred,  as  in  the  first  case,  at  the  time  when  the  man  had 
become  seriously  ill.  The  figures  for  the  intake  demonstrate 
that  in  neither  instance  was  this  drop  due  to  a  reduction  of  the 
footl,  for  the  reduction  in  the  first  case  occurred  after  the  drop  took 
place,  and  in  the  second  case  there  was  no  marketl  change  in  the 
intake.  Likewise,  the  subsequent  rise  was  not  due  to  the  intake, 
for  in  the  first  case  the  intake  was,  on  the  contrary,  at  this  period, 
very  greatly  reduced,  and  in  the  second  case  it  was  not  increasetl. 
The  importance  of  the  great  reduction  in  intake  in  the  first  case 
becomes  evident  in  this  connection — the  man's  excretion  from  the 
time  of  the  reaction  on  must  be  compared  with  this  reduced  intake, 
and  not  with  the  previous  intake,  in  ortler  to  appreciate  the  condi- 
tions of  metabolism  that  were  actually  present  at  that  time. 

The  only  apparent  explanation  of  these  changes  in  metabolism 
is  the  following:  Previous  work  has  shown  that  in  cases  that 
respond  favorably  to  the  action  of  the  x-rays  an  increase  in  tLssue- 
destniction,  that  may  be  of  remarkable  extent,  occurs  directly  after 
exposure  to  the  rays.  It  appears  to  us  that  in  these  cases  this  occurreti : 
that  the  organism  was  overwhelmetl  by  the  sudden  necessity  for 


16      EDSALL,  pemberton:  toxic  reaction  and  the  x-rays 

carrying  on  the  complete  disintegration  of  a  mass  of  early  products 
of  tissue  destruction,  and  that  after  a  little  time,  as  the  organism 
reacted  somewhat,  complete  disintegration  could  be  accomplished 
and  the  products  were  excreted.  At  first,  therefore,  owing  to  sudden 
severe  overtaxing  of  the  organism,  metabolism  was  apparently 
halted;  but  the  reduction  in  excretion  seems  to  have  been  due  to 
mere  retention  of  incompletely  decomposed  tissue  products,  and 
the  usual  reaction,  which  is  characterized  by  marked  tissue  de- 
struction, appears  actually  to  have  occurred,  though  slow  in  making 
itself  evident,  for  the  later  figures  show  conditions  that  are  quite"'* 
comparable  to  those  seen  in  two  unresolved  pneumonia  cases,  and 
in  a  successful  case  of  leukemia^  previously  reported. 

In  the  first  case,  in  which  the  reaction  was  much  more  severe 
and  certainly  hastened  death,  failure  of  metabolism  occurred  at 
once.  In  the  second  case  there  appears  to  have  been  at  first 
some  difficulty  in  getting  rid  of  the  tissue  products  and  then  an 
attempt  to  respond  to  the  action  of  the  x-rajs,  for  the  excretion 
rose  decidedly  on  the  second  day  after  exposure.  But  after  this  a 
metabolic  collapse  seems  to  have  occurred,  and  there  was  a  marked 
drop  in  excretion,  coincidently  with  the  man's  grave  symptoms, 
and  this  was  followed  by  a  very  striking  output  as  the  condition 
improved.  This  latter  case  is  of  especial  interest  in  that  it  perhaps 
offers  an  explanation  of  late  toxic  reactions;  that  is,  the  organism 
bears  up  at  first  under  the  extra  strain,  but,  sooner  or  later,  col- 
lapses as  a  result  of  its  increased  burdens. 

We  have  insisted  somewhat  upon  the  fact  that  both  the  patients 
now  under  discussion  appeared  to  be  already  the  subjects  of  a  note- 
worthy degree  of  toxemia.  This  fact  seems  to  us  to  help  in  the  ex- 
planation of  the  nature  of  the  reaction  and  also  to  offer  a  probable 
explanation  of  the  fact  that  a  toxic  reaction  occurs  only  occasionally. 
We  believe,  from  these  and  other  experiences,  that  a  toxic  reaction 
i  particularly  likely  to  occur  in  persons  that  are  already  the  subjects 
of  a  toxemia.  Their  organisms  are  already  taxed  to  a  considerable 
degree,  and  sometimes  severely,  in  attempting  to  control  the  intoxi- 
cation that  is  already  present,  and,  if  to  this  strain  is  added  the 
metabolic  labor  of  carrying  out  the  complete  decomposition  of  a 
large  amount  of  tissue  products,  it  seems  quite  natural  that  metab- 
olism should  occasionally,  in  the  cases  most  severely  taxed  by  this, 
suffer  more  or  less  complete  collapse;  and  that,  in  consequence, 
the  signs  of  severe  intoxication  should  appear. 

This  is  particularly  likely  to  be  true,  because  the  tissue  destruction 
accomplished  by  the  or-rays  undoubtedly  involves  chiefly  tissues  that 
are  especially  rich  in  nucleoprotein.  The  decomposition  products 
of  this  form  of  protein  are  especially  rich  in  substances  that  are, 
of  themselves,  more  or  less  toxic  and  also  difficult  to  metabolize 
and  excrete.     The  figures  for  the  first  case,  particularly,  show  that 

2  Amer.  Jour.  Med.  Sci.,  1907,  cxxxiii,  286.  ^  Musser  and  Edsall,  loc.  cit. 
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the  man  soon  regained  his  nhiiity  to  excrete  the  main  |X)rtion  of 
the  urinary  nitrogen,  which  comes  chiefly  from  the  simpler  proteitui; 
and  also  his  ability  to  excrete  phosphates.  The  uric  acid,  however, 
which  is  the  direct  indicator  of  the  conditions  in  rc?gard  to  the 
nuclein  substances  (the  pro<lucts  of  which  are  more  toxic  and  more 
difficult  to  metabolize  and  excrete),  only  slowly  regaine<l  its  previoits 
level.  In  appreciating  the  latter  point,  it  should  lie  remembered 
that  the  diet  v.as  purin-free;  and  hence  that,  while  changes  in  the 
intake  influenced  the  excretion  of  nitrogen  and  phosphates,  they 
did  not  influence  the  uric-acid  excretion. 

The  nature  of  the  toxic  reaction  to  the  x-rays  would  then  appear 
to  us  to  be  a  sudden  demand  upon  the  organism  for  the  complete 
disintegration  and  excretion  of  a  large  amount  of  the  procJucLs 
of  tissue  breakdown,  with  inability  on  the  part  of  the  organism 
to  accomplish  this,  and  a  consequent  halting  of  metabolism,  re- 
sulting in  an  intoxication  produced  by  incompletely  disintegrated 
tissue  remnants.  That  the  intoxication  in  these  cases  was  not 
dependent  directly  upon  alterations  in  the  excreting  power  of  the 
kidneys,  lout  upon  alterations  in  metabolism,  appears  to  be  at  least 
highly  probable,  because  examination  of  the  urine  of  these  two 
patients,  at  the  time  of  the  reaction,  and  for  several  days  afterward, 
showed  no  evidence  of  irritation  of  the  kidneys.  It  Is,  however, 
undoubtedly  very  probable  that  in  many  instances,  after  a  little 
time,  the  kidneys  do  become  overtaxed  by  the  added  labor  throwTi 
upon  them,  and  their  excretory  power  fails  to  a  greater  or  less  degree, 
and  this  may  increase  the  toxic  symptoms.  It  is  possible,  indeed, 
that  moderate  but  increasing  failure  of  metabolism,  together  with 
increasing  failure  of  kidney  function,  may  cause  a  late  accumulation 
of  toxic  symptoms  and  give  rise  to  the  late  toxic  reactions  that  have 
been  seen  both  in  human  cases  and  in  experiments  on  animals. 
It  seems  evident,  at  any  rate,  that  such  symptoms  are  more  likely 
to  occur  not  only  in  those  that  have  severe  metabolic  or  infectious 
intoxications,  but  likewise  in  those  that  have  pre-existing  kidney 
disease;  and  it  has,  indeed,  been  already  shown  in  a  number  of 
instances  that  actual  nephritis  may  be  set  up  by  exposure  to  the 
x-rays.  Hence,  unquestionably,  a  pre-existing  nephritis  may  reatlily 
be  made  worse  by  x-ray  exposures. 

If  we  are  correct  in  all  the  statements  that  we  have  just  made, 
it  would  appear  highly  inadvisable,  unless  urgent  reasons  to  the 
contrary  exist,  to  use  x-rays  in  cases  that  are  already  the  subjects 
of  a  noteworthy  degree  of  general  intoxication  that  is  produced  by 
either  infectious  disease  or  metabolic  disorder.  Whether  all  our 
observations  are  correct  or  not,  it  would  appear  that  there  is  at 
any  rate  some  danger  in  abiding  to  such  an  intoxication  the  sudden 
necessity  for  metabolizing  and  excreting  a  large  amount  of  the 
products  of  tissue  breakdown.  It  hiis  alreatiy  become  evident  that 
cases  of  nephritis  should  \ye  exposed  to  the  x-rays  only  with  great 
caution,  and  our  obser\ations  emphasize  this  point  still  farther. 


Reprinted  from  the  University  of  Pennsylvania  Medical  Bulletin, 
March-April,  1907. 
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With  the  study  of  the  finer  anatomy  of  the  ganglion 
cell,  following  the  application  of  the  methylene-blue  stains 
to  nervous  tissues  many  contributions  of  value  have  been 
made  to  the  anatomy  of  degeneration  of  ganglion  cells.  The 
Nissl  method  and  other  modifications  of  the  use  of  methy- 
lene blue  as  used  by  Nissl  sen-ed  a  purpose  in  calling 
attention  to  the  presence  of  areas  in  the  cell  protoplasm 
outside  of  the  nucleus,  taking  the  basic  stain  intensely,  and  to 
which  was  given  the  name  of  chromophilic  elements.  Much 
has  been  \\Titten  as  to  whether  these  areas  are  artefacts 
produced  by  the  fixing  process,  or,  as  some  maintain,  by  the 
section  of  acid  agents  on  the  cell  substance.  If  sections  of 
nervous  tissues  be  made,  much  after  the  same  manner  as 
blood  smears,  and  this  material  is  fixed  by  heat,  the  same 
result  is  obtained,  as  far  as  the  staining  properties  are  con- 
cerned, as  if  formalin  or  alcohol  is  used. 

Independently,  however,  of  the  question  as  to  whether 
this  material  is  the  result  of  fixation  or  other  processes,  the 
fact  remains  that  normal  cells  present  an  appearance  which 
is  constant,  and  that  degenerating  cells  present  a  picture 
deviating  from  this.     It  is  not  the  idea  of  the  writer  of  this 


paper  to  consider  the  usual  forms  of  degeneration  of  ganglion 
cells,  but  to  call  attention  to  certain  irregular  types  of  degen- 
eration not  commonly  met  with. 

If  the  nervous  material  is  taken  from  the  body  within 
twelve  hours  and  hardened  in  96  per  cent,  alcohol,  and  then 
stained  by  the  Nissl  method,  a  picture  is  presented  of  a  cir- 
cular nucleus,  vesicular,  in  a  central  position  in  the  cell, 
and  surrounding  this  arranged  in  regular  order  are  seen  the 


Fig.  1. — Diffuse  chromatolysis.    In  cell  in  upper  section  of  the  picture, 
the  nucleolus  is  seen  outside  the  nucleus. 


chromophilic  bodies.  When  the  cell  undergoes  degeneration, 
the  cell  protoplasm  may  take  a  deeper  stain,  the  so-called 
pyknosis,  with  an  arrangement  of  the  chromatin  in  clumps, 
and  clumping  especially  around  the  nuclear  wall.  The 
nucleus  or  more  frequently  the  chromophilic  elements  either 
entirely  or  partially  disappear,  and  the  cell  body  stains  with 
a  light  diffuse  stain,  giving  the  so-called  diffuse  chromatoly- 
sis (see  Fig.  1).  This  is  best  seen  in  the  effects  of  intoxica- 
tion of  different  kinds  on  the  nerve  cells.     The  cells  in  this 


form  may  present  a  perinuclear  diffusion  of  the  chromatin, 
with  the  chmmophilic  elements  intact  at  the  periphery  of 
the  cells,  or  the  pn>cess  may  Ije  complete  throughout  the  cell. 
The  cells  in  Fig.  1  present  this  form  and  are  from  a  case 
of  Landry's  paralysis  complicating  pulmonary  tuberculosis, 
at  the  Henn-  Phipps  Institute.  The  nucleus  in  a  <legenerat- 
ing  cell  becomes  irregular  in  outline,  loses  its  chromatin 
reticulum  and  finally  disappears.     During  this  process  it 


Fig.  2. — Cell  changes  in  tlie  spinal  ganglia  in  a  case  of  rheumatoid 
arthritis,  with  advanced  arteriosclerosis.  A,  normal  cell;  B  and  C, 
diminution  in  .size  of  nucleus;  D,  shadow  nucleus;  E,  arrangement  of 
pigment  in  Marchi  stain.  All  stains  except  E  stained  by  carbol  hemalaun. 

"wanders"  from  its  central  position  and  takes  a  peripheral 
position  at  the  edge  of  the  cell  body. 


DEGENERATION  OF  GANGLION  CELLS   IN   ADVANCED  ARTERIO- 
SCLEROSIS  ESPECIALLY   WITH   REGARD  TO  CHANGES 
IN  THE  NUCLEUS. 

In  a  cen'ical  and  lumbar  enlargement  of  a  cord  of  a  case 
of  rheumatoid  arthritis  with  extensive  cerebrospinal  arterio- 


sclerosis,  the  ganglion  cells  of  the  anterior  horns  were  dimin- 
ished in  number,  and  the  seat  of  the  following  changes:  The 
yellow  pigment  occupied  a  large  part  of  the  cell  area  with  an 
eccentric  position  of  the  nucleus  and  diminution  in  number 
of  dendrites.  The  nuclei  of  most  of  the  cells  were  of  much 
smaller  size  and  stained  very  deeply  with  the  nuclear  stain. 
The  nucleus  with  the  hemalaun  eosin  took  a  pale-violet 
stain,  in  which  the  filaments  of  chromatin  could  be  seen  under 
a  high  power.  In  the  cells  under  consideration  (see  Fig.  2) 
the  nucleus  was  reduced  to  one-half  or  even  one-third  of  the 


Fig.  3. — Ganglion  cell  showing  ballooning  and  reticiiliun. 

normal  size,  took  a  deep-purple  stain,  in  the  midst  of  which 
the  nucleolus  was  hardly  perceptible.  In  a  few  of  the  cells 
the  nuclear  area  was  so  reduced  as  to  form  a  very  slight  ring 
around  the  nucleolus.  The  other  ganglion  cells,  both  in  the 
cervical  and  lumbar  enlargements,  were  fewer  in  number 
than  in  normal  cords. 

The  normal  ganglion  cells  should  be  spherical  with  a  large 
vesicular  nucleus,  staining  a  very  pale  violet  with  hemalaun, 
with  the  cell  substance  staining  a  light  purple.  The  chromo- 
,philic  bodies  of  Nissl  were  distinctly  stained  and  w^ere  in 
these  cells  finely  granular  and  absent  at  the  periphery  of  the 


normal  cells.  In  the  |;an^lia  of  this  case  it  is  the  excepticui  to 
find  a  cell  ap|)n)iK*hiiig  the  normal.  'J'he  yellow  pigment 
described  was  present  in  these  cells  in  large  quantities.  In 
some  of  the  cells  it  appeared  as  a  dark-yellow,  homogeneous 
mass,  whereas  in  others  it  occurred  as  very  fine  granules, 
giving  a  pale-yellow  tinge  to  the  cell  protoplasm.  'ITie  ar- 
rangement of  the  pigment  in  the  spinal  ganglion  cells  was 
somewhat  different  from  that  observed  in  the  cells  of  the 
spinal  column. 


Fig.  4. — Gan^ion  cell  from  case  of  idiocy  reported  with  Dr.  SpOler. 

The  usual  arrangement  of  the  pigment  in  the  spinal  cells  is 
toward  one  end  of  the  cell.  In  the  spinal  ganglia  the  deposi- 
tion of  pigment  as  a  rule  is  around  the  nucleus  in  the  centre 
of  the  cell.  This  is  brought  out  very  distinctly  in  sections  by 
the  Marchi  method.  The  granular  pigment  in  this  case, 
both  in  the  cells  of  the  spinal  cord  and  of  the  spinal  ganglia, 
gave  a  black  stain  by  the  Marchi  method,  and  a  purplish 
black  stain  by  the  Weigert  sheath  stain.  ITie  same  character 
of  pigmentation  with  more  advanced  changes  in  the  nuclei 


and  other  evidence  of  senile  degeneration  of  the  cells,  both  of 
the  spinal  cord  and  intervertebral  ganglia,  and  the  Gasserian 
ganglion,  were  present  in  a  case  of  migraine  with  extensive 
arteriosclerosis  of  the  central  nervous  system.  In  some  of 
the  cells,  instead  of  a  deeply  stained,  contracted  nucleus,  the 
nuclei  were  very  pale,  without  nucleoli  and  without  the 
chromatin  filaments  of  the  normal  nucleus.  The  chromo- 
philic  elements  of  the  cell  protoplasm  stained  less  intensely  in 


Fig.  5. — Photograph  of  ganglion  cells,  showing  early  stage  of  iron  infil- 
tration.    Iron-hematoxylin  stain. 


thpse  cells,  especially  toward  the  periphery  of  the  cell.  The 
outline  was  somewhat  irregular  in  shape.  In  more  advanced 
stages  of  degeneration  the  cell  outline  is  very  irregular,  the 
cell  protoplasm  taking  a  homogeneous  pale-violet  stain  with 
a  deposition  of  large  quantities  of  yellow  pigment  at  one  side 
and  sometimes  taking  up  the  entire  cell  area;  the  nucleus  is 
either  entirely  absent  or  if  present  has  an  eccentric  position 
at  the  edge  of  the  cell  and  at  time  appears  as  a  vacuolar  area 


in  the  midst  of  u  mass  of  pigment,  but  taking  no  stain  an<l 
apj>earing  as  a  clear,  stainless  area. 

All  these  cell  changes  have  l)een  noted  as  occurring  in  the 
intenertebral  spinal  ganglia,  and  are  also  present  in  the 
Gasserian  ganglion. 

ABIOTROPHY. 

Gowers  has  used  the  term  abiotrophy  to  designate  an 
inherent  defective  vitalit}'  of  tissues  manifested  by  loss  of  tone 


Fig.  6.— Ganglion  cells,  showing  advanced  stage  of  iron  infiltration, 
with  degeneration  of  ganglion  cells.     Iron-hematoxj'lin  stain. 

and  vitality  and  degeneration  after  a  certain  period.  This 
is  manifested  most  tlistinctly  in  the  muscular  dystrophies  in 
which  the  condition  is  dependent  upon  lack  of  vital  tone  of 
the  muscles. 

The  same  term  can  be  used  in  another  sense  to  apply  to 
certain  changes  in  the  nerve  cells.  The  problem  that  often 
confronts  us  in  dealing  with  both  conditions  of  nen-e  cells  is 
to  determine  whether  the  changes  are  inherent  in  the  develop- 


ment  of  the  cell  or  acquired  after  the  cell  has  reached  its  full 
development. 

The  study  of  the  nerve  cells  in  defective  development  of  the 
nervous  system  gives  us  a  picture  distinctly  different  from 
that  seen  in  the  usual  degenerative  changes.  Different  grades 
of  these  changes  may  be  seen. 

In  the  case  of  a  man  of  full  cerebral  development,  but  with 
a  defectively  grown  spinal  cord,  occurring  in  the  service  of 
Dr.  C.  W.  Burr,  and  reported  by  him,  these  changes  were 
present.    In  this  case  a  man  of  forty-three  had  a  fully  devel- 


FiG.  7. — Vacuole  formation  in  ganglion  cell  of  anterior  horn  of  spinal 
cord  in  a  case  of  tuberculous  meningitis. 

oped  and  normal-shaped  head,  with  fairly  normal  intelligence, 
but  with  the  body  of  a  child  of  four  or  five  years  of  age.  The 
gross  examination  of  the  brain  and  spinal  cord  showed 
a  fully  developed  brain,  but  with  a  spinal  cord  smaller 
than  normal.  The  spinal  ganglia  is  of  normal  size  and 
appeared  to  be  larger  than  normal  on  account  of  the  small 
size  of  the  cord.  The  anterior-horn  cells  in  this  case  were 
normal  in  number  and  arrangement.  The  microscopic 
examination  by  the  Nissl  method  gives  the  following  changes: 
Cells  appear  tumefied  and  of  an  irregular  balloon  shape  (see 


Fig.  3) ;  the  nucleus  and  chromophilic  elements  were  heaped 
at  one  end  of  the  cell  corresponding  to  the  apex  of  the  ball(K)n ; 
the  rest  of  the  cell  area  was  fille^l  with  a  light-yellow  material 
throughout  which  a  dark  reticulum  could  be  easily  discemeti. 
In  a  case  of  idiocy,  in  a  girl  of  six,  reported  by  Dr.  Wm.  G. 
Spiller  and  the  author,  the  same  type  of  cell  degeneration  or 
defective  development,  but  to  an  extreme  degree,  was  present 
(see  Fig.  4).    The  changes  in  the  nerve  cells  in  these  cases  gave 


Fig.  8. — Ganglion  cells  from  the  suprarenal  gland  of  a  chicken. 
Stained  by  Nissi  method.     (Zeiss,  oc.  2,  ob.  3  mm.) 

the  same  extremely  tumefied,  balloon-shaped  appearance  with 
the  chromatin  at  one  end  of  the  cell.  That  this  condition  of 
the  nerve  cell  was  not  due  to  hemorrhagic  pachymeningitis 
was  shown  by  the  presence  of  the  same  changes  in  the  basal 
ganglia,  pons,  medulla,  and  spinal  cord.  In  another  case  of 
idiocy,  which  presented  in  its  formation  the  symptoms  of 
cerebrospinal  meningitis,  but  in  which  there  were  no  menin- 
geal changes  at  autopsy,  the  same  changes  were  found  by 
Spiller.      Ilirsch  and    Sachs   found    the    same    changes    in 
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amaurotic  family  idiocy.  While  Hirsch  considered  these 
changes  in  amaurotic  idiocy  to  be  of  toxic  origin,  Sachs 
holds  that  a  disease  so  widespread  as  this,  beginning  always 
at  the  same  period  of  life  and  attacking  several  members 
of  the  same  family,  with  the  exemption  of  others,  could  not 
be  due  to  a  toxic  influence. 

The  presence  of  these  cell  changes,  which  have  been  found 
only  in  cases  of  idiocy  or  defective  development,  leads  me  to 
agree  with  Sachs  that  they  are  not  of  toxic  origin,  but  are 
examples  of  defective  development  of  the  ganglion  cells. 
This  is  confirmed  by  the  presence  of  these  cells  only  in  the 
spinal  cord  in  the  case  here  reported,  with  normal-cell  struc- 
ture throughout  the  brain,  which  presented,  neither  during 
life  nor  autopsy,  evidence  of  defective  development. 

A  study  of  the  ganglion  cells  of  the  adrenal  gland  in  fowls 
presents  a  type  of  retrogressive  abiotrophy.  Embryologically 
the  adrenal  gland  is  developed  in  part  from  the  Wolfian  duct 
and  in  part  from  a  branching  off  of  the  spinal  ganglia.  Dis- 
tinct ganglion  cells  are  observed  as  such  as  an  essential  element 
of  the  adrenal  structure,  no  higher  in  the  animal  kingdom 
than  fowls.  A  study  of  these  cells  gives  the  following  char- 
acteristics: When  a  basic  nuclear  stain  is  used  the  nucleus 
presents  marked  changes.  In  some  of  the  cells  it  is  very  pale ; 
in  some  it  is  much  darker  than  normal.  The  shape  of  the 
nucleus  is  very  variable.  In  practically  none  of  the  cells 
examined  was  there  a  perfectly  spherical  nucleus.  From  a 
slight  irregularity  to  a  very  marked  lance-shaped  nucleus,  all 
varieties  were  observed.  The  nucleus  is  often  peripheral  in 
position.  No  normal  nucleoli  can  be  observed.  Many  of  the 
cells  have  multiple  nucleoli.  In  the  majority  of  the  cells  what 
appears  to  be  a  distinct  nucleolus  is  so  irregular  in  shape  as 
to  constitute  merely  a  massing  of  chromatin  in  the  nuclear 
reticulum.  The  arrangement  of  this  material  is  as  irregular 
as  the  nuclear  arrangement  of  polymorphous  polynuclear 
leukocytes,  and  very  often  the  nucleus  has  the  appearance 
of  such  a  stained  leukocyte.    In  the  body  of  the  cell  the 
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ehrumatin  is  arranged  in  two  distinct  layers;  one  immediately 
surrounding  the  nucleus  and  the  other  at  the  periphery  of 
the  cell  with  a  comparatively  chromatin-free  area  between. 
The  cells  are  of  more  irregidar  shape  than  that  of  normal 
ganglion  cells  (see  Fig.  8). 

METABOLIC  DEGENERATION   OF  THE   NERVE  CELLS   WITH 
IRON   INFILTRATION. 

In  early  life,  even  antenatal  life,  the  function  of  the  gan- 
glion cell  is  not  definitely  determined,  and  while  irritability 
and  other  nerve  functions  are  predominant  characteristics 
of  such  cells,  they  may  take  on  the  other  functions  of  cells 
in  general.  This  is  manifested  when  free  blood  is  extrav- 
asated  in  the  neighborhood  of  developing  ganglion  cells. 
This  to  a  certain  extent  is  true  of  fully  developed  ganglion 
cells,  but  not  to  the  same  degree.  The  ganglion  cells,  under ' 
these  circumstances,  take  on  an  absorptive  and  metabolic 
function,  as  manifested  by  the  presence  of  hemosiderin  and 
other  blood  products  within  the  nerve  cells.  AMien  this 
condition  takes  place  in  the  full-grown  cell  it  is  asso- 
ciated with  degenerative  and  atrophic  changes  (see  Fig.  6). 
fn  the  developing  cell,  however,  it  gives  rise  to  certain  micn>. 
chemical  reactions,  but  with  httle  chromophilic  change 
in  the  cell  outline  (see  Fig.  5).  This  condition  may  be  seen 
both  in  the  lower  animals  and  in  the  human  beings.  In  the 
case  of  a  newborn  puppy  with  deformities  in  the  posterior 
extremities,  sclerotic  and  hemorrhage  foci  were  found  in  the 
lumbar  enlargement,  antenatal  in  their  development.  The 
microchemical  and  microscopic  changes  in  these  cells  were 
as  follows:  WTien  sections  are  stained  by  the  Weigert  or 
iron-heraatox)lin  stains,  both  of  which  stain  the  red  blood 
corpuscles  a  deep  black,  the  following  changes  in  the  neigh- 
borhood of  the  hemorrhage  are  seen :  In  the  cells,  at  a  dis- 
tance from  the  hemorrhage,  the  nucleoli  alone  takes  a 
black  stain.     This  is  true  of  nucleoli  in  general.     As  we 
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approach  the  area  of  hemorrhage  the  cells  become  smaller 
and  the  nucleus  becomes  irregular  and  takes  a  jet-black  stain. 
The  rest  of  the  cell  body  takes  a  very  pale  brown  in  which 
the  chromophilic  elements  may  be  seen  by  careful  inspection. 
In  the  next  stage  of  iron  infiltration  the  protoplasm  of  the  cell 
body  becomes  darker;  this  is  followed  by  granides  of  jet- 
black  pigment,  and  in  the  area  usually  occupied  by  chromo- 
philic elements.  As  this  condition  advances  these  areas  are 
connected  by  fine  filaments  of  jet-black  pigment  giving  a 
reticular  appearance  to  the  cell  protoplasm.  In  more  advanced 
cases  the  clear  areas  in  the  cell  are  encroached  upon  by  the 
pigment  masses  until  the  whole  cell  area,  including  the  pro- 
cesses, present  a  jet-black  appearance  and  the  nucleus  is  no 
longer  distinguishable.  The  nucleus  is  usually  found  in  a 
central  position,  although  it  may  occupy  a  very  eccentric 
position.  The  neuroglia  cells  in  the  neighborhood  of  the 
above  cells  do  not  present  the  same  change.  They  are  some- 
what darker  and  may  contain  a  few  jet-black  granules,  but 
are  not  completely  infiltrated. 

Van  Giesen.  The  normal  ganglion  cell  by  the  Van 
Giesen  method  presents  the  following  picture:  The  cell 
body  takes  a  deep-red  stain  in  which  can  be  seen  the  chromo- 
philic elements.  The  nucleus  has  a  vesicular  appearance  and 
is  also  red  in  color.  It  has  a  nucleolus  of  slightly  darker 
tint.  In  the  cells  affected  by  the  iron  infiltration  the  cell 
body  and  the  nucleus  take  a  deep-yellow  stain.  The  nucleoli 
cannot  be  seen  in  the  deeply  yellow-staining  nucleus. 

Hematoxylin  Eosin.  In  the  normal  ganglion  cells  the 
slight  pink  tint  of  the  cell  body  is  in  striking  contrast  to  the 
nucleus,  which  has  a  vesicular  appearance  and  takes  a 
violet  stain,  as  does  also  the  nucleolus.  The  cell  showing 
hemoglobin  infiltration  takes  a  deep-red  stain  and  the  depth 
of  the  stain  increasing  with  the  degree  of  pigmentation.  The 
nucleus  takes  a  deeper  stain  of  red  than  does  the  cell 
body.  The  nucleolus  cannot  be  seen.  The  position  of  the 
nucleus  of  some  of  the  cells  is  eccentric. 
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As  will  be  seen  from  these  staining  reactions,  the  cells  take 
on  the  reactions  for  hemoglobin,  and  while,  on  account  of  the 
material  in  this  case  having  been  usetl  for  serial  sections, 
tlie  hemosiderin  reaction  could  not  l)e  used,  it  has  l>een 
found  in  other  cases*  giving  identical  changes  by  Weber  and 
myself.  In  a  case  of  iron  infiltration  in  the  neighlx>rhoorl  of  a 
hemorrhagic  foci  in  the  cortex  of  an  adult,  not  only  were  the 
above  changes  found  but  also  the  hemosiderin  reaction  by 
the  ferrocyanide-hydrochloric  acid  lest.  Weber,  in  his  case, 
found  identical  changes. 

It  is  not  probable  that  a  cell,  whose  function  has  been 
so  disturbed  during  its  developmental  periwl,  will  develop 
to  the  same  degree  as  the  cell  whose  function  has  not  been 
interrupted.  Results,  therefore,  of  traumatism  and  slight 
meningeal  "hemorrhage  in  the  developmental  period  must 
be  considered  in  other  relations  than  that  of  simple  trau- 
matic pressure  on  nerx'ous  tissues. 

These  changes,  to  a  lesser  degree,  are  seen  in  cases  of  acute 
destruction  such  as  rattlesnake  poisoning,  etc. 

In  Fig.  7  an  extreme  grade  of  vacuolization  of  the  nen-e 
cell  is  pictured.  The  chromophilic  elements  are  massed  at 
one  end  of  the  cell,  with  a  few  elements  around  the  wall  of  the 
vacuole.  There  was  no  evidence  of  postmortem  change  in 
this  case. 
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The  middle  cerebral  artery  may  be  considered  as  the  direct 
continuation  of  the  internal  carotid.  After  giving  off  the 
anterior  cerebral,  it  enters  the  Syhian  fissure,  and  in  its  normal 
state  occupies  a  position  at  the  bottom  of  the  fissure,  in  close 
contact  with  the  convolutions  forming  its  floor.  Under 
pathological  conditions,  the  position  of  the  vessel  is  decidedly 
altered.  In  conditions  of  prolonged  hypertension,  and  espe- 
cially when  there  is  an  extensive  arteriosclerosis,  instead  of 
occupying  a  position  at  the  bottom  of  the  fissure,  the  vessel  is 
either  curved  markedly  outward  toward  the  surface  or 
assumes  a  tortuous,  serpentine  course,  depending  upon  the 
grade  of  hypertension  and  the  change  in  the  vessel  walls. 


This  change  in  the  position  and  in  the  course  of  the  vessel  is 
the  most  important  factor  in  the  production  of  thrombotic 
lesions  in  the  important  vessels  given  off  from  the  main 
trunk. 

In  the  normal  state,  the  subsidiary  arteries  supplying  the 
posterior  portion  of  the  frontal  lobe,  the  motor  area,  the 
parietal  lobes,  and  the  upper  portion  of  the  temperosphe- 
noidal  lobes  are  given  off  in  a  posterior  direction  at  an  obtuse 
angle  of  more  than  120  degrees,  measured  in  the  direction  of 
the  course  of  the  vessel. 

Inasmuch  as  the  course  of  the  smaller  vessels  is  more  or  less 
definitely  fixed  by  the  position  of  the  fissures  in  which  they 
run,  the  altered  position  of  the  main  trunk  changes  the  direc- 
tion of  the  incidence  in  such  a  way  as  to  materially  alter  the 
angle.  Even  in  the  comparatively  simple  change  of  a  long 
outward  curve  toward  the  surface,  a  distinct  sharp  curve  in 
the  secondary  vessels  is  not  infrequently  noted. 

In  the  more  marked  cases  of  tortuosity  of  the  Sylvian 
artery,  a  distinct  sharp  curve,  or  series  of  curves,  is  produced 
in  the  secondary  vessel,  and  its  angle  of  incidence  altered  in 
one  or  more  directions.  When  the  elasticity  of  the  vessels  is 
interfered  with  by  such  a  process  as  arteriosclerosis  in  the 
vessel  wall,  the  gradual  curve  in  the  vessel  is  lost,  and  a 
decided  kinking  is  produced.  We  have,  therefore,  presented 
two  factors  which  favor  the  formation  of  a  thrombus,  the 
pathological  change  in  the  vessel  -wall  itself  and  the  acute 
angle  produced  by  the  torsion  of  the  main  trunk,  both  of 
which  lead  to  a  slowing  of  the  blood  current,  and  when  the 
angular  condition  becomes  sufficiently  marked,  to  complete 
obstruction. 

From  an  analysis  of  a  large  number  of  cases,  we  are  con- 
vinced that  the  secondary  change  in  position  to  the  main  trunk 
is  the  most  important  factor  in  the  production  of  cerebral 
thrombosis.  While  these  observations  are  concerned  mainly 
with  the  middle  cerebral  artery,  they  apply  with  equal  force 
to  the  other  main  trunks. 


The  anterior  cerebral,  from  its  point  of  orif^in  from  the 
internal  carotid,  tiikes  a  direction  towartl  the  median  line,  to 
be  united  with  its  fellow  of  the  opposite  side  by  means  of  the 
short  anterior  corajnunicating  artery.  It  continues  its  course 
along  the  superior  surface  of  the  corpus  callosum,  supplying 
the  mesial  and  the  external  portion  of  the  frontal  lobe  not 
supplied  by  the  middle  cerebral.  On  account  of  its  straight 
course,  and  its  protected  position,  and  the  few  large  trunks 
given  off,  it  is  relatively  rarely  affected  by  the  accident  of 
hypertension  and  arteriosclerosis  above  noted. 

The  two  vertebral  arteries,  after  their  entrance  into  the 
cranial  cavity  through  the  foramen  magnum,  give  off  the 
posterior  inferior  cerebellar  arteries,  and  then  unite  to  form 
the  basilar  artery  at  the  junction  of  the  pons  and  medulla. 
The  basilar  artery  gives  off  several  small  transverse  branches, 
which  supply  the  pons  and  adjacent  parts  of  the  brain;  It 
also  gives  off  four  larger  vessels,  as  follows :  the  two  anterior 
inferior  cerebellar  arteries,  which  pass  along  the  cms  cerebri 
to  supply  the  anterior  border  of  the  under  surface  of  the  cere- 
bellum, and  the  two  superior  cerebellar  arteries,  which, 
arising  from  the  main  trunk  at  the  upper  portion  of  the  pons, 
wind  around  the  crura  cerebri  near  the  fourth  nerve,  and 
divide  on  the  upper  surface  of  the  cerebellum  into  branches, 
which  supply  this  area.  The  basilar,  while  it  occupies  a 
superficial  position  on  the  surface  of  the  pons  and  medulla, 
is  subject  to  high  tension  and  marked  tortuosity.  Next  to 
the  Sylvian,  the  vessels  supplied  from  this  trunk  are  most 
frequently  affected  by  thrombotic  lesions.  This  gives  rise  to 
areas  of  softening  in  the  pons,  the  cerebellum,  and  the  me- 
dulla. The  basilar  artery  at  the  anterior  surface  of  the  pons 
divides  into  two  posterior  cerebrals,  which,  after  winding 
around  the  crura  cerebri,  course  along  the  under  surface  of 
the  cerebrum,  anastomosing  with  the  middle  and  anterior 
cerebral  arteries.  Apart  from  the  posterior  choroid,  which 
supplies  the  velum  interpositum  and  the  choroid  plexus, 
only  one  large  branch  is  given  off.    Thrombosis  in  the  dis- 


tribution  of  the  posterior  cerebrals  is  of  relatively  rare  occur- 
rence. 

The  posterior  cerebral  is  united  to  the  external  carotid  on 
either  side  by  a  vessel  of  smaller  caliber,  the  posterior  com- 
municating, thus  completing  the  circulation  at  the  base  of  the 
brain  and  forming  the  circle  of  Willis. 

A  pathological  lesion  closely  related  in  its  etiology  to  the 
vascular  conditions  above  described  is  that  of  cerebral 
aneurysm.  Miliary  aneurysms  have  been  frequently  de- 
scribed, and  from  the  literature  one  would  gather  that  they 
are  of  frequent  occurrence.  The  careful  study  of  a  large 
number  of  cases  leads  me  to  the  conclusion  that  nodular 
areas  of  sclerosis  have  been  frequently  mistaken  for  miliary 
aneurysms.  This  is  more  particularly  true  of  the  smaller 
vessels.  Certain  it  is  that  the  type  of  large  isolated  an- 
eurysm is  of  relatively  infrequent  occurrence.  I  have  in  my 
collection  but  two  examples.  The  smaller  of  these  is  an 
aneurysm  the  size  of  a  hazelnut,  in  the  position  of  the  anterior 
communicating  artery.  It  produced  no  symptoms  during 
life,  and  was  discovered  in  the  routine  examination  of  the 
brain  at  autopsy.  The  other  specimen  was  much  larger, 
about  the  size  of  an  English  walnut.  It  affected  the  posterior 
cerebral  artery  at  the  junction  of  the  middle  and  posterior 
lobes  of  the  brain  on  the  inferior  surface.  A  rupture  of  the 
aneurysm  produced  sudden  unconsciousness,  marked  contrac- 
tion of  the  pupils,  a  first  slowing  of  the  respiration,  which  later 
became  of  the  Cheyne-Stokes  variety,  and  finally  death.  At 
the  hospital  to  which  the  patient  was  removed  a  diagnosis  of 
opium  poisoning  was  made,  and  the  patient  treated  accord- 
ingly. At  the  autopsy,  the  posterior  and  middle  fossae  of  the 
skull  were  filled  with  clotted  blood. 

ANOMALIES   OF  THE   CIRCLE   OF   WILLIS. 

We  cannot  take  into  consideration  the  variations  in  the  size 
of  the  bloodvessels  constituting  this  important  structure. 
This  subject  is  worthy,  however,  of  a  special  study,  on 


account  of  the  importance  of  the  blood  supply  in  the  func- 
tional activity  of  the  cerebral  tissues.  A  study  of  100  brains 
will  show  a  marked  variation  in  the  size  of  the  constituent 
vessels.  In  some  cases  the  caliber  of  all  the  vessels  will  l>e 
reduced  to  one-half  the  size  of  what  may  be  considered  the 
normal,  and  this,  independent  of  any  pathological  process  in 
the  vessels  themselves. 

This  deficiency  in  the  size  of  the  vessels  sometimes  has  an 
apparent  relation  to  the  structure  of  the  brain  itself.  It  is 
not  at  all  surprising  that  with  small  bloodvessels,  important 
structures  such  as  the  pons  and  medulla  should  also  present 
such  a  relatively  small  size  as  compared  with  the  rest  of  the 
brain.  This  was  particularly  striking  in  a  case  of  hysteria 
presenting  irre^lar  periods  of  mental  disturbance  extending 
over  many  years. 

The  development  of  the  brain  is  dependent  to  a  large  ex- 
tent upon  its  blood  supply,  and  with  insuflScient  building 
material  to  any  one  portion,  a  lack  of  structure  and  of  func- 
tional activity  might  be  expected. 

Insularity  in  the  size  of  the  individual  vessels  of  the  circle 
of  Willis  would  not,  in  all  probability,  have  any  disturbing 
value  either  as  to  structure  or  function.  It  has  been  shown 
experimentally  that  constant  pressure  is  maintained  in  the 
vessels  of  the  circle  when  the  blood  supply  of  one  of  the 
branches  or  its  supplying  artery  is  cut  off. 

The  simplest  anomaly,  and  one  not  infrequently  met  \^ith 
is  the  union  of  the  vessels  to  form  the  basilar  artery  before  its 
entrance  into  the  cranial  cavity.  In  the  three  cases  showing 
this  anomaly  the  extracranial  course  of  the  vertebral  arteries 
could  not  be  studied.  In  the  removal  of  the  brain,  however, 
the  medulla  was  severed  either  at  the  first  or  second  cervical 
segment.  At  this  level  there  was  but  one  vessel  which  con- 
tinued as  a  single  structure  to  its  division  into  the  posterior 
cerebrals  (see  Fig.  1).  In  other  respects  the  circle  of  Willis 
was  normal.  There  were  no  other  anomalies  of  the  brain  in 
these  cases. 


In  case  No.  2  a  condition  almost  opposite  to  that  described 
in  case  No.  1  is  presented.  The  basilar  artery  is  very  short; 
the  vertebrals  do  not  join  to  form  the  basilar  until  the  junction 
of  the  pons  and  the  medulla  has  been  reached.  The  right 
vertebral  at  the  level  of  the  pyramidal  crossing  divides  into 
two  branches,  practically  forming  three  vertebrals,  extending 


Fig.  1. — Anomaly  of  the  basilar  artery,  i.  e.,  a  single  vessel  within 
the  skull  cavity,  the  two  vertebrals  having  already  united  before 
entrance. 

the  length  of  the  medulla,  and  finally  uniting  a  short  distance 
above  the  junction  of  the  pons  and  the  medulla  to  form  the 
basilar  artery. 

The  divided  branches  of  the  right  artery  were  relatively 
small  in  size  as  compared  with  the  left.  An  anomaly  such  as 
existed  in  this  case  would  naturally  predispose  to  the  forma- 


tion  of  thrombi  in  the  smaller  vessels  or  at  their  junction 
when  tlie  constituent  vessels  l)ecame  the  seat  of  the  endar- 
teritis. 

Case  No.  3  also  presents  an  anomaly  of  the  vertebral 
branches.  In  this  specimen  the  basilar  is  of  normal  length, 
but  at  a  distance  of  1.5  cm.  below  the  junction  of  the  verte- 


Fio.  2. — Anomaly  of  the  right  vertebral,  which  divides  into  two 
smaller  branches,  these  finally  uniting  with  the  left  vertebral  to  form 
the  basilar. 

brals  to  form  the  basilar  there  is  a  transverse  branch  joining 
the  two  vertebrals.  The  transverse  branch  was  of  the  same 
caliber  as  the  vertebrals  themselves.  In  this  way  a  double 
circle  at  the  base  of  the  brain  was  formed,  the  inferior  being 
of  triangular  shape. 

In  case  No.  4  a  marked  anomaly  of  the  vertebral  is  pre- 


sented.  At  the  junction  of  the  pons  and  the  medulla  to  the 
spinal  cord  a  large  transverse  branch  joins  the  two  vertebrals. 
The  right  vertebral  artery  is  slightly  narrower  than  the  left 
after  this  branch  has  been  given  off.  The  right  vertebral 
extends  in  an  anterior  direction  0.5  cm.  and  divides  into  three 
branches,  one  of  these  extending  to  the  left  to  join  the  main 
trunk  of  the  left  vertebral,  to  form  the  basilar  artery.    The 


Fig.  3. — Anomalous  branch  connecting  the  two  vertebrals. 

posterior  of  the  remaining  branches  curves  backward  at  a 
level  corresponding  with  that  of  the  posterior  superior  cere- 
bellar artery  on  the  left.  The  anterior  continues  in  the 
course  of  the  right  vertebral  for  a  short  distance  and  then 
curves  outward  at  a  level  corresponding  with  that  of  the  ante- 
rior superior  cerebellar  artery  on  the  left.  At  this  level  it 
receives  a  small  branch  from  the  basillar. 


In  case  No.  5,  as  in  case  No.  3,  a  douljle  cinle  was  formed 
at  the  base  of  the  brain,  tlie  inferior  circle  in  this  case  l>eing 
irregular  and  quadrilateral  in  shape.  An  anomaly  of  the 
anterior  portion-  of  the  circle  of  Willis  is  presentecJ.  llie 
posterior  half  of  the  circle  is  normal.  The  right  anterior 
cerebral,  at  a  short  distance  from  its  origin  from  the  internal 


Fig.  4. — Anomaly  of  the  vertebral  arteries.  A  di'vnsion  of  the  right 
vertebral  into  three  terminal  branches,  and  an  anomalous  artery 
coimecting  the  two  vertebrals, 

carotid,  divides  into  three  branches.  The  first  and  most 
external  of  these  may  be  considered  to  represent  the  con- 
tinuation of  the  main  trunk.  The  second  branch  joins  this 
branch  almost  at  the  junction  with  the  anterior  communi- 
cating. The  third  branch  joins  a  small  branch  from  the  left 
anterior  cerebral  and  empties  into  the  anterior  communicating 
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at   its    middle   position.    This   case   also    presented    some 
anomalies  of  the  gyral  distribution  of  the  cortex. 

It  will  be  noted  in  the  above  collections  that  six  of  the  seven 
cases  involve  the  formation  of  the  basilar  artery.  In  the 
study  of  an  extensive  number  of  brains  it  will  be  found  that 
this  artery  is  prone  to  an  anomalous  structure.     Obersteiner 


Fig.  5. — Anomaly  of  the  right  anterior  cerebral  and  anterior 
communicating  arteries. 


called  attention  to  the  formation  of  a  persistent  septum  after 
a  union  of  the  two  vertebrals,  and  also  a  division  of  the  basilar 
into  two  distinct  vessels  after  its  formation.  It  would  be 
surprising  to  find  an  anomalous  structure  in  vessels  whose 
functions  are  so  important  for  vital  economy  as  the  vessels 
at  the  base  of  the  brain  did  we  not  consider  the  fact  that  the 
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anomalous  change  is  more  of  the  nature  of  an  excess  than  a 
diminution.  This  is  true  of  all  the  cases  here  presented, 
with  the  exception  of  the  first  three  cases.  Anomalies  of  the 
anterior  portion -of  the  circle  of  Willis  are  most  fref|uently 
confined  to  the  multiplicity  of  structure  of  the  anterior 
communicating  vessels.  It  is  not  infrequent  to  find  double 
anterior  communicating  arteries. 

An  interesting  structural  change  with  a  secondary  variation 
of  the  vascular  supply  was  frequently  met  with  on  the  mesial 
surface  of  the  brain  in  the  distribution  of  the  pia  arachnoid 
in  studies  at  the  Phipps  lastitute  by  Dr.  Carncross.  Not 
infrequently  the  arachnoidal  membrane,  instead  of  cover- 
ing the  entire  mesial  surface  of  the  brain,  and  then  being 
reflected  to  the  opposite  side,  bridges  this  space  at  various 
levels,  not  infrequently  leaving  the  anterior  half  of  the  mesial 
surface  of  the  brain  free  from  this  membrane.  The  convo- 
lutions most  frequently  affected  are  the  convolutions  of  the 
anterior  half  of  the  corpus  collosum,  and  sometimes  the 
mesial  surface  of  the  frontal.  Under  such  conditions,  it  is 
necessary  for  the  small  arterial  branches  given  off  from  the 
anterior  cerebral  to  bridge  this  space  in  order  to  reach  these 
convolutions. 

Microscopic  examination  of  the  areas  not  covered  by  the 
meningeal  membrane  shows  in  some  areas  no  trace  of  covering 
for  the  cortex.  In  other  areas  a  few  delicate  connective  tissue 
fibrils  are  present.  These  are,  for  the  most  part,  attached  to 
small  vessels.  These  delicate  fibrils  could,  of  course,  be 
considered  as  a  trace  of  the  arachnoidal  membrane;  they 
certainly  do  not  represent  the  arachnoidal  membrane  as  we 
ordinarily  understand  it.  A  few  connective  tissue  fibrils 
could,  at  most,  make  up  a  mesh  work  of  fibrils  over  the  cortex, 
but  this  would  not,  in  the  ordinary  sense  of  the  word,  consti- 
tute a  membrane.  The  gross  examination  of  the  denuded 
areas  shows  no  evidence  of  a  distinct  membranous  layer. 

Jugular.  An  interesting  anomaly  of  the  nervous  system 
of  the  brain  and  also  of  the  structures  at  the  base  of  the  skull 
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was  presented  in  a  case  at  the  Philadelphia  Hospital.  The 
posterior  fossa  of  the  skull  on  the  right  side  was  much  smaller 
than  on  the  left.  The  posterior  lacerated  foramen  was 
entirely  wanting.  The  vessel  corresponding  to  the  jugular 
vein  was  formed  from  the  superior  petrossal,  inferior  petrosal, 
and  lateral  sinuses,  and  made  its  exit  from  the  skull  at  a 
large  auricular  foramen  at  the  position  usually  occupied  by 
the  mastoid  foramen.  In  this  case  it  was  impossible  to 
follow  the  anomalous  course  of  the  vessel  outside  of  the  skull 
without  unnecessary  mutilation  of  the  corpse. 
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The  case  which  forms  the  subject  matter  of  this 
paper  is  worthy  of  record  not  only  on  account  of  the 
rarity  of  the  condition  present,  but  also  because  the 
mistake  in  diagnosis,  made  after  a  careful  clin- 
ical study,  may  be  of  some  value  in  the  consideration 
of  similar  cases. 

Multiple  secondary  carcinomatosis  of  the  nervous 
system  limited  to  the  meninges  is  a  rare  condition. 
Only  eleven  cases  were  discovered  after  a  careful 
search  of  the  literature.  In  all  of  the  four  cases  re- 
ported by  Siefert  ( i )  there  was  a  primary  tumor  of 
the  brain.  In  the  two  cases  of  Scanzoni  (2)  tumors 
of  the  brain  were  secondary  to  carcinoma  elsewhere, 
and  the  meningeal  infiltration  took  its  origin  from 
these.  In  the  case  of  Lilienfeld  and  Benda  (3)  the 
meninges  of  the  cord  were  alone  affected. 

In  some  respects  our  case  of  secondary  carcino- 
matosis localized  to  the  meninges  is  unique.  Scholz 
(4),  it  is  true,  under  the  title  of  meningitis  carcino- 
matosa,  reports  two  cases  diagnosticated  as  menin- 
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gitis,  in  one  of  which  the  clinical  diagnosis  was  sub- 
stantiated by  spinal  puncture.  Westenhoffer  (5) 
reports  a  similar  case  of  carcinomatous  meningitis 
(confirmed  by  autopsy)  where  colon  bacilli  were 
found  in  the  cerebrospinal  fluid  during  life,  and  after 
death  in  the  bloodvessels  of  the  pia  and  dura.  In 
only  one  of  Scholz's  cases  is  there  mention  of  the  in- 
volvement of  the  spinal  cord  or  its  meninges.  In  the 
other  case  the  spinal  meninges  were  involved,  but  no 
mention  is  made  of  spinal  roots  or  ganglia,  and  the 
histological  report  is  meagre.  Although  Scholz 
does  not  mention  specifically  the  presence  of  collec- 
tions of  leucocytes,  the  case  was  reported  as  menin- 
gitis carcinomatosa,  which  Seifert  had  previously 
distinguished  from  simple  meningeal  carcinomatosis, 
in  which  signs  of  inflammation  were  absent.  In 
Scholz's  and  in  Westenhoffer's  cases,  however,  the 
membranes  were  tense,  the  bloodvessels  were  highly 
injected,  and  the  pia  infiltrated  with  turbid  exudate 
showing  here  and  there  traces  of  blood  or  clots.  On 
post  mortem  examination  the  conditions  could'  not  be 
distinguished  from  simple  meningitis. 

Of  Siefert's  cases,  one  was  a  case  of  meningitis 
carcinomatosa.  Of  the  others,  one  shows  the  mem- 
branes adherent  to  the  brain  substance  at  the  site  of 
the  tumor.  Very  careful  histological  examination 
showed  that  the  meninges  were  extensively  involved. 
Haemorrhages  and  collections  of  leucocytes  were 
seen.  There  was  penetration  of  the  brain  substance 
by  the  columns  of  cells.  In  the  second  case  the  men- 
ingeal changes  in  the  brain  were  not  extensively 
studied,  but  those  of  the  spinal  cord  showed  the  pres- 
ence of  collections  of  leucocytes  and  haemorrhages  in 
addition  to  the  carcinomatosis.  In  the  case  of  Lil- 
ienfeld  and  Benda  there  was  oedema  of  the  mem- 
branes of  the  brain,  infiltration  of  the  spinal  men- 
inges, invasion  of  the  periphery  of  the  cord  by  car- 
cinoma, and  involvement  of  the  roots  and  of  several 
cranial  nerves.  In  the  cases  of  Scanzoni  the  men- 
inges of  the  cord  were  also  principally  involved. 

The  following  case  reported  at  the  May  meeting, 
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1907,  of  the  Association  of  American  Physicians,  by 
Dr.  Peabody,  is  evidently  a  case  very  similar  to  the 
one  here  reported,  and  the  only  case  we  have  been 
able  to  find  at  all  similar  to  it.  In  reporting  this 
case,  Dr.  Peabody  called  attention  to  the  case  here 
reported  from  an  abstract  of  the  history  and  clinical 


^^      9'( 


-Jl02.CK5.r 


Fic.   I. — Left  prefrontal  lobe,  showins;  miliary  ca.cinomata  and  their 
relation   to   the   cerebral   veins. 

findings  published  in  the  transactions  of  the  Phila- 
delphia Neurological  Society,  three  years  ago,  at 
which  the  brain  was  shown  as  a  card  specimen. 

Dr.  Peabody 's  case  was  a  woman  forty-three  years 
old.  Four  years  after  the  removal  of  the  breast  for 
carcinoma  she  developed  pains,  especially  marked 
in  the  lower  extremities,  back,  and  shoulders.    The 
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pain  was  severe  and  the  prostration  became  intense. 
Electrical  reactions  were  normal.  Treatment  did 
not  relieve  her  pains.  She  slept  but  little  and  gradu- 
ally became  mildly  delirious.  Lumbar  puncture  gave 
normal  fluid.  About  a  week  before  death  she  was 
attacked  with  partial  ptosis  of  the  right  eye,  partial 
paralysis  of  the  muscles  of  the  right  side  of  the  face, 
weakness  of  the  right  palate  muscles,  and  partial 
deafness  of  the  right  ear.  Diplopia  was  present  in 
part  of  the  field  of  vision.  Pain  in  thighs  and  legs 
persisted,  and  pain  was  noted  in  Xht  lumbosacral 
region  on  attempting  to  sit  upright  and  on  pressure. 
There  was  no  other  alteration  of  sensation.  The 
eye  grounds  were  normal.  Urination  and  defseca- 
tion  became  involuntary.  The  muscles  of  degluti- 
tion gradually  became  impaired,  and  water  regurgi- 
tated through  the  nose.  She  died  of  oedema  of  the 
lungs  three  weeks  after  coming  under  observation. 

Autopsy  showed  metastatic  carcinoma  of  the  thy- 
reoid, of  one  suprarenal,  of  kidneys,  of  one  lung,  of 
wall  of  an  old  cyst  in  cerebellum,  numerous  small 
metastatic  growths  in  the  pia  of  pons  and  rriedulla, 
without  lesion  of  the  pons  or  the  medulla.  There 
was  diffuse  infiltration,  with  carcinoma  of  the  peri- 
neural lymph  sheaths  of  one  trunk  nerve  of  the 
Cauda  equina,  and  in  one  place  the  nerve  trunk  itself 
was  similarly  invaded.  The  pia  covering  the  cord 
showed  small  metastatic  growths.  This  case  has 
since  been  reported  in  the  literature  (6). 

In  the  case  about  to  be  presented  it  will  be  noticed 
upon  reading  the  pathological  report  that  the  lesions 
were  small  pin  point,  and  closely  scattered  like  small 
grains  of  sand  over  the  surface  of  the  brain  and 
cord. 

Case. — M.  S.,  colored,  age  thirty-eight,  by  occupation 
cook,  was  admitted  to  the  woman's  nervous  wards  of  the 
Philadelphia  General  Hospital,  April  9,  1905.  She  com- 
plained of  pains  in  both  lower  extremities  and  in  the  lum- 
bar regions.  At  times  the  pains  extended  into  the  left 
chest. 

Family  history:  Mother  died  at  the  age  of  eighty-one 
and   father  at  the  age  of  ninety-three,   of   senility.     One 
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brother  died  of  typhoid  fever  at  ten  years  of  age.  The 
cause  of  death  of  one  sister  at  eight  years  was  unknown 
to  the  patient.  One  sister  died  at  the  age  of  forty-six,  of 
asthma,  and  one  at  fifty,  of  heart  disease.  There  was  no 
history  of  tuberculosis  in  the  family. 

Previous  history:  Thc-e  was  a  history  of  the  usual  dis- 
eases of  childhood,  malaria  at  thirteen,  nettle  rash  at  nine- 
teen, acute  articular  rheumatism  at  thirty;  she  had  been 
subject  to  sick  headaches  for  a  long  time,  and  had  com- 
plained of  cough  throughout  the  winter. 

History  of  present  illness :  Three  months  ago  the  present 
trouble  began  with  pain  in  the  right  elbow  and  hand,  and 
headaches  in  the  occipital  and  temporal  regions.  Two  days 
later  the  pain  extended  to  the  left  hand.  Several  days 
later  she  complained  of  pain  in  the  lumbar  region  and  in 
both  lower  extremities.  There  was  a  persistent  cough  as- 
sociated with  pain  in  the  chest  and  back. 

The  examination  of  the  patient  on  April  9,  1905,  revealed 
a  well  developed,  well  nourished  negress.  Motion  was  re- 
tained normally  in  all  four  extremities,  and  sensation  was 
normal  over  the  entire  body. 

Cranial  nerves :  Examination  of  the  cranial  nerves  re- 
vealed no  abnormal  symptoms  in  their  distribution,  with  the 
exception  that  the  right  pupil  reacted  sluggishly  to  light 
The  right  knee  jerk  was  absent;  the  left  knee  jerk  was 
present,  but  diminished.  The  Achilles  jerk  was  present  on 
both  sides  and  decreased.  There  was  no  ankle  clonus  and 
no  Babinski  reflex.  There  was  flexion  of  all  the  toes  to 
plantar  irritation.  The  superficial  abdominal  reflexes  were 
normal.  The  biceps  and  triceps  jerk  of  both  upper  ex- 
tremities were  exaggerated. 

Examination  of  the  chest  revealed  impaired  resonance 
over  the  left  chest  posteriorly,  below  the  angle  of  the 
scapula.  Over  this  area  there  was  bronchovesicular  breath- 
ing and  moist  rales,  more  marked  on  expiration.  Vocal  and 
tactile  fremitus  were  increased  over  the  same  area. 

April  15,  1905.  There  was  severe  pain  in  both  legs  and 
over  the  lumbar  region. 

April  29,  1905.  An  opthalmoscopic  examination  was 
made  by  Dr.  Sweet.  The  left  pupil  reacted  promptly,  the 
right  sluggishly.  The  eye  grounds  were  normal,  the  nerves 
were  of  good  color.  The  ocular  movements  were  unim- 
paired.   The  visual  fields,  roughly  tested,  were  normal. 

May  10,  1905.  The  pain  in  the  legs  still  persisted.  There 
was  a-  sixth  nerve  palsy  on  the  left  side,  and  some  hyper- 
aesthesia  of  the  chest  posteriorly.  There  was  no  Kemig's 
sign  on  either  side.  The  muscles  of  the  left  leg  were  more 
flabby  than  those  of  the  right.  While  there  was  still  flexion 
of  the  toes  to  plantar  irritation  on  the  right  side,  on  the 
left  side  there  was  a  well  define:!  Babinski  reflex. 

May  15,  1905.  The  patient  was  only  semiconscious.  There 
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was  partial  ptosis  of  both  eyes,  and  she  was  unable  to 
completely  close  the  right  eye.  Attempts  to  swallow  milk 
resulted  in  choking  spells.  In  addition  to  the  physical  signs, 
there  were  some  moist  rales  at  the  base  of  the  right  lung. 

May  17,  1905.  There  was  almost  complete  facial  palsy 
on  the  right  side,  in  both  the  upper  and  lower  distribution 
of  the  nerve.  The  right  eye  was  held  in  a  third  nerve 
paralytic  position  with  marked  dilatation  of  the  pupil.  There 
was  marked  ptosis  of  both  sides.  The  exit  points  of  both 
nerves  were  sensitive  to  pressure  on  both  sides,  with  a, 
well  defined  paralysis  in  the  distribution  of  the  fifth  nerve 
on  the  left  side.  There  was  a  slight  Kernig's  sign  on  the 
right  side,  but  none  on  the  left. 

The  last  examination  of  the  urine,  made  on  May  17,  1905, 
showed  specific  gravity  of  1.024,  an  acid  reaction,  and  a 
slight  trace  of  albumin.  On  microscopical  examination,  a 
few  red  blood  corpuscles,  a  few  leucocytes,  a  number  of 
hyaline  casts,  and  cylindroids  were  found. 

Pathological  Report  (Dr.  Funke)  :  Chronic  pleurisy, 
hsemorrhagic  infarct  of  the  lung,  carcinoma  of  the  lung 
(primary),  chronic  diffuse  nephritis,  secondary  carcinoma 
of  the  liver,  primary  carcinoma  of  the  pancreas. 

The  heart,  spleen,  kidneys,  suprarenal  bodies,  and  other 
organs  not  mentioned  in  detail,  showed  nothing  abnormal. 

The  left  lung  weighed  530  grammes.  Its  upper  lobe  crepi- 
tated throughout  and  was  pinkish  red  in  color  with  black 
mottlings  on  its  anterior  surface.  Only  a  slight  cedema 
was  present.  At  the  apex  of  the  upper  lobe  crepitation 
was  still  perceptible,  while  in  the  remainder  of  the  lobe 
crepitation  was  absent,  and  a  dull  note  of  percussion  was 
elicited. 

On  section,  a  cavity  measuring  1.5x2  cm.  in  diameter 
was  found  in  the  centre  of  this  lobe.  Its  wall  was  grayish 
white,  showing  a  granular  substance.  Around  the  cavity  was 
a  consolidated  area  made  up  of  quite  firm,  confluent  nodules, 
grayish  white  in  color. 

The  left  lobe  of  the  liver  contained  a  nodule  3  cm.  in 
diameter.  This  reached  the  external  surface  and  projects. 
The  centre  of  the  nodule  was  yellowish  gray  and  granular. 
The  periphery  was  granular  and  pinkish  gray  in  color.  To 
the  right  of  this  was  a  similar  nodule. 

On  the  upper  surface  of  the  pancreas  were  two  nodules 
each  measuring  one  and  a  half  cm.  in  diameter.  They 
were  firm  and  were  cut  with  resistance.  The  cut  surfaces 
were  grayish  pink  in  color.  They  were  apparently  asso- 
ciated with  the  pancreas,  possibly  having  taken  origin  from 
that  structure.  These  nodules  rested  directly  below  the 
nodules  described  in  the  liver.  Similar  growths  were  found 
along  the  course  of  the  portal  vein. 

Tlie  uterus  showed  a  large,  subserous  fibroid  arising  from 
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the  right  lateral  surface  a  few  cm.  from  the  superior  border 
of  the  fundus.    The  left  ovary  showed  cysts. 

The  brain,  gross  examination:  The  entire  brain  was 
covered  with  minute  white  areas  varying  in  size  from  a 
pin  point  to  a  pin  head.  These  areas  were  most  frequent 
along  the  course  of  the  bloodvessels,  and  occurred  in  scat- 
tered points  over  the  entire  meninges.  They  were  most 
marked  and  occurred  in  the  greatest  numbers  over  the  base 
of  the  brain,  and  especially  in  the  interpeduncular  spaces. 

Spinal  cord :  The  same  condition  was  present  over  the 
spinal  meninges,  and  most  marked  over  the  cervical  enlarge- 
ment. There  was  a  tumor  mass  the  size  of  a  split  pea  on 
the  tenth  dorsal  root.  The  second  and  third  spinal  ganglia 
were  increased  to  the  size  of  a  small  bean  (5x7  mm.), 
were  of  hard  consistence,  and  protruded  as  tumor  masses 
on  the  inner  side  of  the  dura.  The  same  miliary  tumor 
formation  was  present  on  the  inner  surface  of  the  dura  as 
far  down  as  the  middorsal  area. 

Microscopical  examination:  Cerebral  cortex:  The  tu- 
bercles of  the  cerebral  meninges  were  composed  of  a  retic- 
ulum of  connective  tissue  containing  large  masses  of  a 
columnar  type  of  epithelial  cells  arranged  in  cell  nests,  and 
having  the  appearance  of  a  carcinoma.  The  nests  of  cells 
were  extended  in  an  irregular  way  into  the  brain  tissues, 
without,  however,  producing  any  degeneration  of  the  under- 
lying white  matter  as  seen  by  the  Weigert  and  iron  haema- 
toxylin  stains.  The  cells  were  of  a  columnar  type  with  an 
irregular  deeply  staining  nuclei,  and  had  the  appearance 
of  epithelial  origin.  Sections  of  the  cortex  stained  by  Mal- 
lory's  connective  tissue  stain  showed  the  fibres  of  con- 
nective tissue  beginning  about  the  bloodvessels  and  extend- 
ing between,  but  not  into,  the  alveoli. 

There  was  no  degeneration  of  the  spinal  cord  by  the 
>heath  stains. 

Haematoxylin  eosin  method :  The  main  changes  noted 
by  this  method  were  seen  in  the  meninges ;  the  tubercles 
scattered  here  and  there  over  the  spinal  cord  in  an  irregu- 
lar fashion,  noted  in  the  gross  examination,  did  not  follow 
any  regular  distribution.  They  were  widely  distributed, 
not  only  over  the  meninges,  but  were  also  seen  on  the 
soinal  roots.  The  sixth  cervical  segment  of  the  spinal 
cord,  for  instance,  showed  a  tumor  mass  in  the  meninges 
just  within  the  left  posterior  spinal  root  and  infiltrating  it 
and  extending  to  the  posterior  median  fissure.  There  was 
also  a  miliary  tumor  infiltration  of  the  anterior  root  of  the 
opposite  side.  The  axis  cylinders  of  the  roots  presented  a 
swollen  appearance,  caused  by  infiltration  of  the  roots  by 
irregular  shaped  cells  about  the  size  of  polynuclear  leu- 
cocyte.';. These  cells  had  deeply  staining  nuclei.  The 
nucleus  varied  greatly  in  size,  but  in  the  main  made  up 
a  relatively  small  portion  of  the  cell  area.     Many  of  the 
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cells  had  a  circular,  clear,  unstained  area  in  the  proto- 
plasm presenting  a  vacuolar  appearance.  These  cells  were 
held  in  alveolar  spaces  between  the  nerve  fibres,  but  pre- 
sented nothing  regular  in  their  arrangement.  In  the  tumor 
mfiltration  of  the  meninges,  the  same  m.icroscopic  appear- 
ance was  seen  in  the  centre,  but  towards  the  periphery 
there  was  a  distinct  cell  nest  arrangement.  The  cells  here 
took  a  distinctly  columnar  type,  having  much  the  appear- 
ance of  cells  in  adenocarcinoma,  composed  of  columnar 
cells. 

In  the  sections  stained  by  Mallory's  connective  tissue 
stain  there  was  no  infiltration  of  the  connective  tissue 
fibrils  bet^yeen  the  cells.  The  tumor  tissue  was  surprisingly 
free  from  connective  tissue.  A  small  tumor  mass  the  size 
of  a  split  pea  noted  before,  on  the  eleventh  dorsal  root, 
completely  surrounded  the  root,  but  had  a  well  defined  cap- 
sule, over  which  bands  of  connective  tissue  extended  into 
the  interior,  somewhat  after  the  manner  of  a  lymph  gland. 

In  the  alveolar  space  formed  by  the  connective  tissue, 
groups  of  columnar  cells  were  seen  here  and  there,  follow- 
ing the  same  arrangement  as  described  before.  The 
degenerated  and  infiltrated  root  occupied  the  centre  of  the 
tumor  mass.  As  one  approached  the  centre  of  the  tumor, 
the  columnar  shape  and  acinus  arrangement  of  the  cells 
was  lost.  The  cells  were  grouped  in  an  irregular  way 
within  the  connective  tissue.  The  connective  tissue  fibrils 
did  not  penetrate  between  the  cells.  In  the  lumbar  en- 
largement the  tumor  infiltration  completely  surrounded  the 
spinal  cord  and  had  the  same  microscopic  picture  as  that 
seen  in  the  cervical  enlargement.  The  cord  was  indented 
by  the  pressure  of  the  tumor  mass,  but  there  was  no  true 
infiltration  of  the  white  substance  of  the  cord. 

Sections  stained  by  the  Van  Geisen  method  added  noth- 
ing to  that  described  by  the  other  methods. 

Marchi  method :  There  was  a  recent  marked  secondary 
degeneration  in  the  posterior  columns  of  root  origin.  There 
was  also  some  degeneration  of  the  direct  pyramidal  tract 
of  the  left  side,  and  a  few  scattered  dots  here  and  there 
in  the  right  crossed  pyramidal  tract.  There  was  a  de- 
generation in  both  crossed  pyramidal  tracts  and  also  in  the 
posterior  column.  There  was  a  degeneration  of  the 
posterior  roots  and  a  slight  degeneration  in  the  direct 
pyramidal  tracts.     The  same  was  true  of  the  dorsal  cord. 

Nissl  method :  In  sections  from  the  dorsal  cord  and 
lumbar  spinal  cord  the  majority  of  the  ganglion  cells  of 
the  anterior  horn  were  in  an  advanced  state  of.chroma- 
tolysis.  Only  a  few  of  the  cells  even  approached  a  nor- 
mal appearance.  In  the  cervical  enlargement,  many  of  the 
cells  were  degenerated.  There  was  a  much  larger  pro- 
portion of  normal  cells  than  in  the  cervical  or  dorsal  cord. 
Spinal    Ganglia. — The  nerves  in   the  ganglion  cells   had 
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entirely  disappeared.  There  was  also  marked  degeneration 
of  the  nerve  fibres.  The  entire  ganglia  had  been  trans- 
ferred into  a  mass  composed  of  a  reticulum  of  connective 
tissue,  between  which  were  arranged  long  rows  of  a  col- 
umnar type  of  cell.  In  many  of  the  alveolar  spaces  the 
cells  had  taken  a  more  irregular  arrangement,  as  already 
noted  in  the  meninges. 

Pathological  Discussion. 

The  gross  appearance  of  the  brain  when  removed 
at  autopsy,  studded  closely  as  it  was  with  small 
tubercles,  gave  the  impression  at  the  first  glance  of  a 


Fig 


-Photomicrograph    of   miliary   tumor    of   meninges   of   brain, 
with  extension   into   the   cortex. 


syphilitic  meningitis.  The  more  careful  examina- 
tion and  the  finding  of  the  tumor  masses  in  the  other 
viscera  led  to  a  correct  diagnosis.  The  microscopi- 
cal examination  presented  a  typical  picture  of  car- 
cinoma (see  Fig.  2).  The  involvement  of  the  cor- 
tex was  unquestionably  an  extension  from  the  men- 
inges, and  was  more  a  displacement  of  the  cortex. 
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and  could,  in  no  sense,  be  considered  a  true  infiltra- 
tion. 

Involvement  of  the  spinal  roots  is  not  an  uncom- 
mon condition,  but  involvement  of  the  spinal 
ganglia  is  relatively  rare.  We  have  not  been  able 
to  find  a  case  in  which  this  condition  has  been  defi- 
nitely stated.  The  pain  in  the  extremities  was 
probably  the  result  of  the  tumor  infiltration  of  the 
spinal  ganglia  and  involvement  of  the  roots. 

The  peripheral  nerves  and  muscles  were  not  ex- 
amined. 

The  involvement  of  the  cranial  nerves  is  ex- 
plained by  the  presence  of  miliary  carcinomata  in 
the  piaarachnoid,  surrounding  their  points  of  exit. 
There  are  no  tumor  masses  on  the  nerves  them- 
selves. 

Clinical  Remarks. 

A  diagnosis  .of  cerebrospinal  syphilis  was  made  in 
this  case,  in  spite  of  the  fact  that  the  patient  pre- 
«!ented  no  history  of  syphilis.  This  negative  symp- 
tom, if  it  can  be  so  called,  was  not  given  its  proper 
value.  This  is  not  a  matter  of  surprise  when  there 
is  taken  into  consideration  the  difficulty  in  securing 
a  positive  history  of  syphilis,  even  when  the  patient 
is  aware  of  it,  and,  what  is  more  frequently  the  case 
in  the  class  of  patients  under  discussion,  who  either 
never  knew  or  had  forgotten  such  a  "trivial  mat- 
ter." It  should  be  remembered,  however,  when  the 
diagnosis  is  under  discussion  that  too  much  im- 
portance cannot  be  given  to  the  elements  of  a  care- 
fully taken  history.  Ten  years  of  constant  effort 
has  not  sufficed  to  eliminate  the  Blockley  mental  at- 
titude as  to  the  presumption  of  syphilis  in  the  diag- 
nosis of  a  doubtful  case,'  quite  irrespective  of  the  his- 
tory. As  an  undergraduate  student,  resident  physi- 
cian, and  assistant  physician  in  the  wards  of  the 
Philadelphia  General  Hospital,  an  atmosphere  of 
syphilis  of  the  nervous  system  in  the  diagnosis  of 
obscure  cases  with  multiple  manifestations  always 
led  unconsciously  to  a  presumption  in  its  favor. 
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Multiple  syphilis  of  the  nervous  system  is  not 
now,  nor  was  it  then,  a  very  frequent  condition. 
By  this  is  meant  lesions  of  the  nervous  system  pre- 
senting the  histological  characteristics  of  syphilis. 
Scleroses,  low  grade  inflammatory  processes,  and 
tract  degenerations  are  present  in  large  numbers, 
but  it  remains  to  be  proved  how  frequently  these  are 
due  to  syphilis.  Tabes  dorsalis,  conceded  to  be  a 
parasyphilitic  disease,  does  not  present  the  histologi- 
cal lesions  of  syphilis,  and  is  rarely  associated  with 
syphilitic  lesions  elsewhere  in  the  body.  Tabes, 
however,  is  diagnosticated  as  such,  and  not  as  cere- 
brospinal syphilis. 

In  an  extensive  collection  of  brains  and  spinal 
cords,  obtained  for  the  most  part'  from  the  Philadel- 
phia General  Hospital,  multiple  cerebrospinal  syphi- 
lis is  present  in  only  a  very  small  percentage. 

It  should  be  remembered  in  this  connection  that 
tuberculosis  presents  the  multiple  lesions  of  the 
nervous  system  similar  in  their  character  and  distri- 
bution to  those  seen  in  syphilis.  Lesions  of  multiple 
sclerosis,  being  widely  distributed,  not  only  present 
the  multiple  symptom  group  seen  in  syphilis,  but 
the  reverse  may  also  be  true — i,  e.,  disseminated 
syphilis  may  present  the  classic  clinical  picture  of 
multiple  sclerosis.  Oppenheim  (7),  and  more  re- 
cently Spiller  and  Camp  (8),  have  written  on  this 
subject.  In  a  paper  recently  published  by  Dr.  C. 
W.  Burr  (9),  a  case  of  disseminated  syphilis  pre- 
senting the  clinical  picture  of  multiple  sclerosis  was 
reported,  together  with  a  discussion  of  the  diag- 
nosis of  the  two  conditions. 

It  is  conceded  that  a  distinctive  diagnosis  be- 
tween some  types  of  multiple  sclerosis  and  dissem- 
inated syphilis  is  impossible.  The  importance,  there- 
fore, of  paying  attention  to  a  history  of  syphilis  in 
order  to  prevent  a  mistake  in  diagnosis  is  evident. 
It  will  be  seen  from  the  clinical  history,  as  given,  and 
the  clinical  diagnosis  that  tuberculosis  of  the  lungs 
was  diagnosticated.  At  autopsy,  a  cavity  sur- 
rounded by  epithelial  type  of  tumor  formation  was 
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discovered.  In  the  absence  of  a  history  of  syphilis, 
a  natural  presumption  should  have  been  in  favor  of 
multiple  tuberculosis  of  the  nervous  system.  Had 
this  patient  presented  herself  at  my  service,  at  the 
Phipps  Institute,  such  a  diagnosis  would  have  been 
undoubtedly  made,  but  the  Blockley  atmosphere  in- 
terfered with  such  a  simple  logical  conclusion.  An 
important  question  in  this  discussion,  however,  is 
why  a  diagnosis  of  secondary  carcinomatosis  of  the 
nervous  system  was  not  made.  The  patient  was 
thirty-four  years  old  and  in  good  condition.  There 
was  no  cachexia.  A  careful  examination  of  the  dif- 
ferent viscera  showed  no  other  lesions  than  im- 
paired resonance  over  the  left  chest  posteriorly,  be- 
low the  angle  of  the  scapula ;  expiratory  rales  in  the 
right  axillary  regions  and  at  the  base  of  both  lungs ; 
in  the  left  axillary  regions,  an  area  about  three 
inches  in  diameter,  over  which  bronchovesicular 
breathing  could  be  heard ;  increase  in  the  vocal  and 
tactile  fremitus  over  the  left  lung  posteriorly.  Uri- 
nary examination  showed  some  albumin  and  hyaline 
casts,  but  no  other  evidence  of  kidney  insufficiency. 
The  primary  growth  in  the  liver  and  the  secondary 
growth  were  too  small  to  give  physical  evidence  of 
their  existence.  There  was  therefore  no  evidence  of 
the  presence  of  carcinoma,  and  it  is  questionable 
whether  such  a  diagnosis  of  either  the  hepatic  or 
pancreatic  lesions  was  possible. 

The  predominating  symptom  on  admission  was 
pain  in  the  lower  extremities.  The  knee  jerks  were 
absent.  On  the  following  day.  the  left  knee  jerk 
was  present.  The  right  pupil  reacted  sluggishly  to 
light.  On  admission,  there  was  pain  in  the  lower 
extremities,  with  headaches  from  three  months  pre- 
vious. One  month  after  admission,  and  nine  days 
previous  to  death  of  patient,  she  first  began  to  show 
cerebral  symptoms.  These  began  with  aflfection  of 
the  sixth  nerve  on  the  left  side,  and  after  a  few  days 
were  followed  by  an  affection  of  both  third  nerves. 
On  the  following  day  the  seventh  nerve  on  the  right 
side   became  affected^  with  an  almost  similar  af- 
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fection  of  the  fifth  nerve  on  the  left  side.  On  the 
clay  before  her  death,  the  difficulty  of  swallowing 
indicated  an  involvement  of  the  ninth  or  tenth 
nerves.  One  week  previous  to  her  death  there  was 
a  progessively  developing  stupor.  Such  a  group  of 
symptoms,  with  their  progress,  irregular  distribu- 
tion and  development,  indicated  multiple  lesions  af- 
fecting first  the  spinal  cord  and  later  the  brain. 
For  this  reason  and  for  no  other  was  the  diagnosis 
of  syphilis  of  the  nervous  system  made. 

In  a  patient  presenting  symptoms  with  an  evident 
carcinoma  elsewhere  in  the  body,  or  with  a  history 
or  evidence  of  its  removal,  the  diagnosis  of  multiple 
secondary  carcinomatosis  of  the  nervous  system 
could  be  made.  A  frank,  active  tuberculosis  else- 
where in  the  body  would  lead  to  the  diagnosis  of 
tuberculosis  of  the  nervous  system.  The  history  of 
syphilis,  or  distinct  evidence  of  syphilis  elsewhere 
in  the  body,  would  lead  to  a  diagnosis  of  cerebro- 
spinal syphilis.  The  history  of  the  case  with  the 
rapid  development  of  cerebral  symptoms  such  a 
short  time  before  death  would  practically  exclude 
multiple  sclerosis. 

Optic  Nerve  Involvement. — Optic  neuritis  is 
found  in  80  to  90  per  cent.  (Oppenheim,  10)  of 
cases  of  brain  tumor  and  in  15.5  per  cent,  of  cases 
of  meningitis  (Uhthoff,  11).  The  absence  of  any 
optic  nerve  involvement,  at  least  within  a  reasonable 
time  before  death,  may  be  considered  as  an  indica- 
tion of  a  lack  of  extensive  intracranial  pressure. 

The  presence  of  Kernig's  symptom  in  this  case 
is  a  matter  of  some  interest.  The  general  impres- 
sion among  clinicians,  and  especially  among  paedia- 
trists,  is  that  Kernig's  symptom  is  diagnostic  of 
meningitis.  Kernig  (12)  in  his  original  contribu- 
tion reports  thirteen  cases  of  cerebrospinal  (infec- 
tious) meningitis,  one  case  of  tuberculous  menin- 
gitis, and  one  case  of  purulent  cerebral  meningitis, 
with  chronic  parenchymatous  nephritis,  all  of  which 
showed  Kernig's  symptom.     IJe  regrets  that  he  had 
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not  been  able  to  study  it  in  the  transitory  meningitis 
that  may  usher  in  typhoid  fever,  typhus  fever,  and 
recurring  fever.  He  also  reports  it  present  in  six 
other  cases,  on  all  of  which  autopsy  was  performed. 
These  were  oedema  of  the  pia  of  obscure  origin : 
haemorrhagic  pachymeningitis  with  intermeningeal 
bleeding;  circumscribed  pachymeningitis  and  lepto- 
meningitis, and  thrombosis  of  the  pertosal  sinus, 
secondary  to  caries  of  the  petrous  bone ;  growth  of 
the  dura  to  the  skull  and  chronic  leptomeningitis  ac- 
companying carcinoma  of  the  brain ;  slight  haemor- 
rhagic  meningitis  with  haemorrhage  into  the  ven- 
tricle; slight  general  hyperemia  of  the  pia  (ques- 
tionably tuberculous).  On  the  first  day  that  the 
last  patient  was  observed  there  was  no  contracture 
of  the  knees ;  on  the  second,  however,  the  sign  was 
present,  although  modified.  Kernig  especially"  notes 
this  case  as  affording  an  instance  where  his  sign 
was  present,  even  in  the  absence  of  genuine  inflam- 
mation. 

On  the  other  hand,  Kernig's  sign  may  be  absent 
in  meningitis  (Netter,  13,  Morse,  14).  Morse 
found  it  in  three  of  twenty  cases  of  tuberculous 
meningitis,  but  in  more  than  three  of  twenty  cere- 
brospinal cases. 

It  will  be  noticed  that  this  symptom  wal  not 
present  in  the  first  and  subsequent  examinations  up 
to  a  short  time  before  death,  and  then  it  occurred 
only  on  the  left  side  and  to  a  limited  extent.  Mi- 
croscopical sections  did  not  show  a  meningitis  in  a 
strict  sense  of  the  term.  There  was  only  a  tumor 
formation.  This  could,  of  course,  have  constituted 
the  meningeal  irritation  in  the  broader  sense  of  the 
term. 
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Syphtlis  of  the  nervous  system  is  so  broad  a  subject  that  it 
would  be  impossible  to  do  justice  to  it  in  a  short  paper,  and  there- 
fore I  prefer  to  limit  myself  to  a  discussion  of  certain  manifestations 
of  the  disease,  and  to  describe  some  abortive  forms  that  are  rather 
common  even  in  a  general  medical  practice,  and  that  may  cause 
difficulty  in  diagnosis. 

The  physician  often  sees  nervous  syphilis  in  an  early  stage,  and 
hesitates  in  deciding  whether  such  a  case  is  really  one  of  syphilis 
or  not. 

There  is  much  doubt  as  regards  the  time  of  appearance  of  nervous 
symptoms  after  the  primary  infection,  as  regards  the  possibility  of 
preventing  the  implication  of  the  nervous  system,  and  as  regards  the 
best  methods  of  treatment 

I  do  not  believe  that  a  period  can  be  set  for  the  implication  of 
the  nervous  system  after  syphilis  has  been  acquired,  and  in  my 
opinion  no  one  can  be  regarded  as  free  from  the  danger  of  nervous 
symptoms  if  he  has  once  contracted  syphilis.  I  have  seen  very  early 
and  very  late  appearance  of  syphilis  of  the  nervous  system.  I  do 
not  believe  that  the  danger  can  be  warded  off  by  active  treatment 
following  the  infection,  although  it  is  possible  that  it  may  be 
lessened. 

Little  can  be  done  in  treatment  of  the  disease  if  the  symptoms 
have  existed  a  long  time,  because  nervous  tissue  has  been,  destroyed 
and  neuroglia  has  proliferated  and  taken  the  place  of  tissue  that  has 
been  destroyed.  The  prospect  for  improvement  is  not  bad,  however, 
if  the  patient  is  properly  treated  so  soon  as  the  first  signs  of  involve- 
ment of  the  nervous  system  are  detected.  Some  physicians  prefer 
to  give  the  mercury  by  hypodermatic  injections,  but  I  have  obtained 
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in  some  cases  such  excellent  results  by  inunctions  of  mercurial  oint- 
ment, ^  to  1  dram  (2  to  4  grams)  daily,  rubbed  in  at  a  different  part 
of  the  body  each  day,  and  rubbed  in  during  20  to  30  minutes,  with 
the  simultaneous  administration  of  iodid  of  sodium  or  of  potassium, 
that  I  prefer  this  method  of  treatment  to  all  others.  If  the  case  is 
not  severe  I  usually  begin  with  10  grains  (0.6  gram)  of  iodid  of 
sodium  three  times  daily,  and  increase  by  about  5  grains  (0.3 
gram)  daily  until  60  grains  (4  grams) — seldom  100  grains  (6 
grams) — are  taken  three  times  a  day.  I  fail  to  see  any  advan- 
tage in  going  beyond  this  amount,  and  I  believe  that,  at  least  in 
some  cases,  larger  doses  may  do  harm;  especially  is  this  true  if  a 
mistake  has  been  made  in  the  diagnosis.  Even  with  great  care  sali- 
vation may  develop  rapidly,  as  in  a  recent  case  under  my  observa- 
tion, in  which  severe  cerebral  symptoms  entirely  disappeared  as  a 
result  of  not  very  large  doses  of  mercury  and  iodid,  but  the  man 
became  rapidly  and  seriously  salivated.  He  recovered  from  the 
salivation  entirely  within  a  week  or  ten  days. 

It  has  seemed  to  me  preferable  to  give  the  iodid  at  the  same  time 
as  the  mercury,  rather  than  to  follow  the  mercury  by  the  iodid,  as 
some  have  recommended. 

Syphilis  of  the  nervous  system  is  commonly  not  seen  soon  after 
the  primary  infection,  and  usually  one  year  or  several  years  elapse 
before  nervous  symptoms  appear ;  but  I  have  in  two  cases  seen  dis- 
tinct manifestation  of  nervous  symptoms  while  the  syphilitic  rash 
was  still  on  the  body.  One  patient,  a  man,  was  under  the  care  of 
Dr.  r.  X.  Dercum,  at  the  Philadelphia  General  Hospital,  and  while 
still  presenting  a  syphilitic  rash  had  the  Brown-Sequard  form  of 
paralysis.  The  other  patient,  a  woman,  was  in  the  venereal  ward 
of  the  same  hospital,  and  was  under  the  care  of  Dr.  A.  C.  Wood.  I 
saw  her  at  his  request.  In  this  case  the  diagnosis  was  confirmed  by 
microscopic  examination.    The  notes  of  this  case  are  as  follows : 

C.  C.  was  admitted  to  the  Philadelphia  Gleneral  Hospital  Sep- 
tember 9,  1902,  and  died  September  17,  1902.  She  contracted 
syphilis  from  her  husband,  and  on  admission  was  in  the  late  stages 
of  secondary  syphilis.  The  body  was  covered  with  copper-colored 
macules.  The  woman  seemed  dazed  and  could  not  reply  to  ques- 
tions, although  she  seemed  to  understand  them.  She  could  say  only 
"  Yes"  and  "  'No."  At  times  she  became  maniacal.  The  left  pupil 
was  larger  than  the  right.     She  vomited  and  did  not  eat  much  and 


hi...  1.— Photojfraph  of  a  section  in.n,  ;ii  a  recent  tax?  of  syphilis  of  the 

nervous  system,  showing  intense  round-cell  iniiltratkni  of  the  j>ia  and  congestion  of  the  blood- 
vessels.   These  lesions  are  more  common  than  the  gumma. 
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slept  badly.  She  had  much  headache  and  had  also  ulceration  of  the 
genitalia.  She  was  weak  and  could  not  walk.  She  was  married  in 
November  (presumably  1901).  Notes  made  a  little  later  state  that 
the  pupils  were  equaL  The  woman  lay  with  her  eyes  closed  and 
showed  little  recognition  of  what  was  going  on  about  her.  The 
i rides  reacted  to  light.  Right  hemiplegia  was  present,  the  face 
was  drawn  to  the  left  side,  and  the  right  side  was  paralyzed.  She 
seemed  to  be  aphasic.    The  post-cervical  glands  were  enlarged. 

I  am  indebted  to  Dr.  A.  C.  Wood  for  the  clinical  notes  and  the 
pathologic  material. 

Sections  through  the  medulla  oblongata  show  no  recent  nor  old 
degeneration  by  the  Marchi  method  in  the  anterior  pyramids.  (The 
hemiplegia  evidently  had  been  of  short  duration.)  Sections  through 
the  spinal  cord  show  intense  round-cell  infiltration  of  the  pia  and 
about  the  blood-vessels  within  the  cord  (Fig.  1).  The  condition 
is  like  that  commonly  found  in  syphilis  of  the  nervous  system. 

In  another  case,  I  have  seen  early  manifestations  of  nervous 
syphilis  within  three  or  four  months  after  the  primary  infection. 
In  contrast  to  these  cases  it  may  be  well  to  relate  the  following  case 
as  an  example  of  syphilis  of  the  nervous  system  appearing  long  after 
the  primary  infection.  The  patient  was  referred  to  me  by  Dr.  W. 
M.  Robertson,  of  Warren,  Pa.  A  man,  40  years  of  age,  contracted 
syphilis  eighteen  or  twenty  years  ago.  The  disease  at  that  time  was 
pronounced  syphilis  by  a  physician.  The  man  had  a  chancre,  and 
this  was  followed  by  a  rash  and  an  ulcer  on  the  lower  third  of  the 
leg.  He  was  well  until  about  two  years  ago,  when  stiffness  of  the 
lower  limbs  began.  Now  he  is  constipated  constantly,  is  dizzy  in 
the  morning  or  when  the  first  rises  from  a  chair  after  he  has  been 
sitting  some  time,  and  he  is  obliged  to  steady  himself  before  he 
begins  to  walk.  He  sleeps  well,  except  that  he  is  awakened  by  the 
desire  to  urinate  and  often  is  unable  to  urinate.  He  has  lost  all 
sexual  desire.  The  difficulty  in  passing  his  urine  has  increased 
during  the  past  year.  He  stubs  his  toes  on  inequalities  in  the  side- 
walk and  has  fallen.  His  gait  is  slightly  spastic  and  he  cannot 
hurry.  He  has  been  obliged  to  have  plates  put  on  the  soles  of  his 
shoes  at  the  toes  to  prevent  this  part  of  the  shoes  from  wearing  away. 
The  patellar  reflex  is  much  exaggerated  on  each  side,  and  patellar 
clonus  and  the  Babinski  reflex  are  present  on  each  side.  Romberg's 
sign  is  not  present,  and  the  gait  is  not  ataxic.  The  upper  limb*  •»«» 
not  implicated. 
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This  man  has  not  had  any  of  the  pains  so  common  in  syphilis 
of  the  nervous  system.  Dr.  W.  C.  Posey  has  found  a  commencing 
simple  atrophy  of  each  optic  nerve,  which  has  caused  no  disturbance 
of  vision. 

I  think  there  is  little  doubt  that  the  spastic  condition  of  the  lower 
limbs  in  this  patient,  taken  in  connection  with  the  disturbance  of 
micturition  and  of  the  sexual  functions,  the  optic  atrophy,  and  posi- 
tive history  of  syphilitic  infection,  is  to  be  attributed  to  syphilis 
contracted  sixteen  to  eighteen  years  before  symptoms  indicative  of 
involvement  of  the  nervous  system  developed. 

Some  patients  with  syphilis  of  the  nervous  system  present  symp- 
toms so  mild  that  they  may  cause  difficulty  in  diagnosis  to  one  not 
familiar  with  nervous  diseases,  and  indeed  in  some  cases  even  the 
neurologist  finds  a  diagnosis  by  no  means  easy.  Such,  for  example, 
is  the  following  case  referred  to  me  by  Dr.  Wm.  T.  Shoemaker. 
The  patient,  a  man  aged  35  years,  has  paralysis  of  the  left  oculo- 
motor nerve,  with  paralysis  of  accommodation  and  of  the  iris  in 
each  eye.  The  optic  nerves  are  not  affected.  He  had  a  chancre 
when  he  was  22  years  old.  Two  years  ago  he  began  to  have  difficulty 
in  seeing.  About  six  weeks  ago  he  began  to  have  vertigo  and  diplo- 
pia developed.  Six  months  ago  he  had  much  difficulty  in  passing 
his  urine  during  two  weeks.  His  memory  is  impaired  and  now  his 
lower  limbs  soon  become  "  tired."  He  has  had  cramps  in  the  calves. 
The  patellar  reflexes  possibly  are  a  little  exaggerated.  The  Achilles 
jerk  is  absent  on  each  side.  Sensation  of  pain  is  diminished  on  the 
sole  of  the  left  foot  and  in  a  band  about  the  trunk  in  the  area  of  the 
nipples.  He  has  lost  all  sexual  desire,  and  has  difficulty  in  passing 
his  urine. 

It  is  exceedingly  difficult,  if  not  impossible,  to  decide  whether 
this  is  a  case  of  tabes  incipiens  or  of  early  nervous  syphilis,  but  the 
somewhat  doubtful  exaggeration  of  the  patellar  reflexes  is  in  favor 
of  syphilis. 

For  the  sake  of  contrast  I  give  briefly  the  notes  of  a  much  more 
pronounced  case  of  syphilis  in  which  no  doubt  could  exist  as  to  the 
diagnosis. 

W.  S.,  32  years  old,  a  patient  under  Dr.  A.  Stengel's  care  at  the 
University  Hospital,  was  admitted  to  the  hospital  June  12,  1903. 
He  had  been  infected  with  syphilis  six  years  previously.  On  May 
12,  1903,  he  took  a  long  trolley  ride,  without  having  on  an  overcoat, 


Fig.  2.— Photograph  of  a  section  from  the  lumbar  regiou  in  a  case  of  intense  syphilitic 
aoft«iing  and  disintegration  of  the  spinal  cord.  The  gray  matter  cannot  be  distinguished  from 
the  white,  and  cracks  have  occurred  during  the  process  of  hardening  the  diseased  tissues.  (Hema- 
toxylin stain  of  Weipert.i 
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which  was  the  more  necessary  as  he  had  changed  from  winter  to 
summer  underwear.  He  caught  a  severe  cold  and  had  chills  and  a 
sore  throat  Ten  days  later  his  lower  limbs  became  very  weak, 
although  he  had  felt  some  weakness  in  these  members  before  May  22. 
Synchronously  with  the  weakness  in  the  lower  limbs  he  suffered  from 
rietention  of  urine,  which  soon  gave  place  to  incontinence.  He  lost 
control  of  the  bowels  about  the  same  time.  Pains  in  the  legs  and 
girdle-sensation  were  felt  about  June  4.  His  condition  remained 
unaltered  until  June  12,  1903,  when  he  was  brought  to  the  hospital. 

On  admission  the  temperature,  pulse,  and  respiration  were  about 
normal.  I  saw  him  soon  after  he  came  to  the  hospital  and  found  no 
impairment  of  function  in  any  part  above  a  line  passing  around  the 
abdomen  one  or  two  inches  below  the  umbilicus,  i.e.,  above  the  area 
supplied  by  about  the  eleventh  thoracic  segment  of  the  cord.  The 
lower  limbs  were  completely  paralyzed,  and  were  flaccid  and  flexed, 
but  could  be  easily  straightened.  The  patellar  reflex  was  entirely 
absent  on  each  side,  even  on  reinforcement  He  had  no  ankle  clonus, 
no  Achilles  jerk,  no  Babinski  reflex,  and  no  plantar  reflex.  The 
lower  limbs  were  atrophied.  Sensation  was  entirely  lost  as  high  as 
a  line  one  or  two  inches  below  the  umbilicus.  It  was  impossible  to 
determine  the  exact  limit  of  the  anesthetic  area  because  of  the  inat- 
tention of  the  patient.  He  had  a  bedsore  over  the  external  malleolus 
of  the  left  leg,  and  an  enormous  sore  over  the  sacrum,  suppurating 
and  surrounded  by  an  extensive  area  of  inflammation. 

The  man  died  suddenly  June  13,  1903. 

The  lumbar  portion  of  the  spinal  cord,  4  cm.  from  the  termi- 
nation of  the  cord,  was  swollen,  grayish  yellow,  and  softened  for 
about  4  cm.  in  extent  On  section  the  cord  in  this  portion  was 
found  transformed  into  a  grayish-yellow,  pulpy  mass,  slightly 
stained  by  disorganized  blood. 

Microscopic  sections  through  the  lumbar  region  show  intense 
disintegration  and  softening  of  the  spinal  cord.  Round-cell  infiltra- 
tion of  the  pia  and  about  the  blood-vessels  in  the  cord  is  intense. 
Sections  from  the  mid-thoracic  region  show  the  same  condition  in 
the  cord,  but  the  cellular  infiltration  of  the  pia  has  almost  disap- 
peared (Fig.  2).  In  this  cftse,  contrary  to  the  usual  condition,  the 
syphilitic  lesions  seem  to  be  almost  confined  to  the  portion  of  the 
cord  below  the  mid-thoracic  region. 

I  am  under  the  impression  that  it  is  not  generally  known — per- 
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haps,  however,  I  am  mistaken  in  this — that  the  paralysis  in  syphilis 
of  the  nervous  system  may  develop  within  a  very  short  time,  even 
within  an  hour  or  two.  Dejerine  especially  has  insisted  on  this  rapid 
appearance  of  palsy,  and  I  have  seen  it  in  some  of  my  cases. 

Perhaps  the  most  rapid  development  of  intense  and  general 
paralysis  in  syphilis  that  I  have  ever  observed  was  in  a  case  reported 
by  Dr.  C.  K.  Mills  and  myself.^  A  man,  aged  45  years,  fell  from 
his  wagon  and  struck  his  left  shoulder.  Two  weeks  later  he  was 
obliged  to  quit  work  on  account  of  pain  in  his  left  upper  limb.  The 
pain  diminished,  and  the  man  returned  to  his  work.  About  three 
months  after  his  fall  pain  in  the  left  upper  limb  and  between  the 
shoulders  became  severe,  and  after  another  month  he  suddenly  lost 
the  use  of  his  left  upper  limb.  This  paralysis  was  followed  in  a 
short  time  by  paralysis  of  the  left  lower  limb,  then  of  the  right  side 
of  the  face,  of  the  right  upper  and  finally  of  the  right  lower  limb. 
Five  or  six  hours  elapsed  between  the  time  when  he  first  noticed 
paralysis  of  the  left  upper  limb  and  the  time  when  the  right  lower 
limb  became  paralyzed.  He  complained  of  swelling  and  of  dull  pain 
in  the  parts  after  they  were  paralyzed,  but  he  felt  no  pain  imme- 
diately preceding  the  paralysis,  and  he  was  not  unconscious  at  the 
time.  He  was  not  aphasic.  After  the  paralysis  he  had  a  severe 
headache.  While  he  was  in  the  hospital  his  voice  was  a  whisper,  bilat- 
eral ptosis  was  present,  the  muscles  in  the  distribution  of  the  right 
facial  nerve  were  paralyzed,  he  could  shrug  his  shoulders  well,  but 
with  the  exception  of  this  movement  paralysis  of  both  upper  extremi- 
ties was  complete;  the  limbs  were  flaccid,  and  the  tendon  reflexes 
were  diminished  or  lost.  Sensation  for  temperature  and  pain  was 
more  affected  than  that  for  touch.  The  man  died,  and  meningo- 
myelo-encephalitis  was  found,  with  intense  softening  of  the  fourth, 
fifth,  and  sixth  cervical  segments  of  the  spinal  cord.  Numerous 
small  hemorrhages  were  present  in  the  inflamed  and  disintegrated 
cord. 

Another  interesting  example  of  rapidly  developing  paralysis  in 
syphilis  is  the  following ;  A  man,  45  years  of  age,  consulted  me  Sep- 
tember 28,  1901.  Five  years  previously  he  contracted  syphilis,  and 
about  a  year  later  he  suddenly  lost  control  of  his  ri^t  lower  limb. 
He  was  a  commercial  traveller,  and  while  showing  the  book  contain- 


*  Mills  and  Spills.    Journal  of  Nervous  and  Mental  Disease,  Jan.,  1903, 
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ing  photographs  of  his  wares  he  dropped  it  This  seems  to  have 
been  the  first  sign  of  weakness.  He  was  in  Pittsburg  at  the  time, 
and  took  a  train  for  Altoona.  He  had  no  symptoms  of  disease  until 
he  attempted  to  leave  the  train,  when  he  found  that  his  right  lower 
limb  gave  way  beneath  him,  although  he  did  not  falL  He  was 
assisted  from  the  car.  The  right  lower  limb  remained  weak  about 
a  week,  after  which  it  became  as  strong  as  it  had  been.  He  had  no 
further  symptoms  until  January,  1899,  when  numbness  was  felt  in 
two  of  the  small  toes  of  the  left  foot,  and  then  the  big  toe  of  the 
right  foot  became  sore.  The  numbness  gradually  extended  up  the 
left  leg  as  far  as  the  hip.  His  sexual  powers  had  diminished.  When 
I  saw  him  his  right  lower  limb  was  somewhat  rigid,  the  patellar 
reflex  on  each  side  was  much  exaggerated,  and  the  right  pupil  was 
a  little  smaller  than  the  left 

This  was  probably  a  case  of  spinal  syphilis,  and  is  especially 
interesting  because  of  the  sudden  onset  of  paralysis  in  one  lower 
limb  and  the  rapid  recovery.  I  can  recall,  however,  another  case  in 
which  the  onset  of  paralysis  was  equally  rapid.  A  man  ascended  to 
the  top  of  an  omnibus  in  Paris  without  difficulty,  but  when  he  had 
finished  his  ride  and  wished  to  descend  he  found  he  was  scarcely 
able  to  do  so  because  of  weakness  in  his  lower  limbs. 

Rapid  paralysis  may  occiir  in  myelitis  of  other  nature,  but  is,  in 
my  opinion,  more  common  in  spinal  syphilis,  because  the  blood- 
vessels of  the  cord  are  much  diseased  and  complete  occlusion  of 
one  or  more  vessels  with  rapid  softening  is  not  infrequent 

The  question  may  arise  as  to  whether  operation  is  ever  justifiable 
in  a  case  of  syphilis  of  the  nervous  system.  In  the  case  of  gumma 
of  the  dura  reported  by  Dr.  C.  K.  Mills,^  in  which  operation  was 
done  and  the  gimuna  removed  with  great  benefit  to  the  patient,  much 
delay  occurred  before  the  patient  submitted  to  the  knife.  He  was 
under  my  care  during  two  terms  of  service  at  the  Philadelphia  Gen- 
eral Hospital  before  he  came  under  the  observation  of  Dr.  Mills, 
and  while  I  carefully  considered  the  question  of  operation  I  post- 
poned surgical  intervention  because  the  symptoms  then  were  not  of 
localizing  value,  and  I  decided  to  wait  until  we  could  feel  that  the 
opening  of  the  skull  would  permit  the  removal  of  a  syphilitic  tumor. 
Finally  such  a  time  came,  and  under  Dr.  Mills's  direction  the  opera- 

'  C.  EL  Mills.    The  Philadelphia  Medical  Joomal,  1902. 
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tion  was  performed.  A  very  similar  case  to  this  was  also  under  my 
care  about  the  same  time.  I  had  the  skull  opened  and  a  gumma  of 
the  dura  was  removed. 

Of  course,  neither  of  these  patients  was  cured  by  the  operation, 
and  each  still  has  cerebral  syphilis,  but  they  both  were  much  bene- 
fited, and  in  one  of  the  cases,  the  following,  death  was  probably 
prevented  until  the  present  time  at  least.  The  case  history  is  as 
follows : 

M.  McI.  probably  acquired  syphilis  some  years  ago.  He  began 
to  have  constant  and  severe  frontal  headache  in  July,  1901.  He 
occasionally  vomited  after  eating  and  nausea  was  worse  in  the 
evening.  He  had  his  first  convulsive  attack  February  3,  1902.  The 
attack  began  with  pain  in  the  tips  of  the  fingers  of  the  left  hand,  and 
then  his  fingers  began  to  "  twist,"  a  creeping  sensation  extended  up 
the  left  upper  limb  and  consciousness  was  lost.  This  attack  was 
followed  by  other  similar  attacks.  In  April,  1902,  he  had  astereog- 
nosis  in  the  left  hand.  In  some  of  his  convulsive  attacks  the  left 
side  of  the  face  as  well  as  the  left  upper  limb  was  affected.  In  June, 
1902,  astereognosis  was  complete  in  his  left  hand,  and  he  had 
marked  loss  of  pain  sensation  in  this  hand,  and  tactile  sensation  was 
lost  in  the  left  upper  limb,  at  least  in  the  distal  end  of  the  limb. 
Sensations  of  touch  and  pain  were  much  diminished  in  the  left 
lower  limb.  He  had  great  difficulty  in  placing  the  first  finger 
of  the  left  hand  on  the  end  of  the  nose,  and  could  not  find  his 
nose  with  this  hand  except  by  feeling  his  way  over  his  face.  The 
sense  of  position  was  also  much  impaired  in  the  left  lower  limb. 
The  left  side  of  the  face  was  weak.  By  June  14,  1902,  the  grasp 
of  the  left  hand  had  become  much  impaired  and  the  man  was  in  mild 
stupor. 

An  operation  was  performed  on  this  date  by  Dr.  John  B.  Roberts. 
The  right  parietal  bone  was  carious  in  an  area  about  the  size  of 
a  half  dollar.  The  dura  at  this  part  was  much  thickened  and  was 
adherent  to  the  brain.  The  thickened  part  was  removed,  and  was 
found  by  microscopic  examination  to  be  the  seat  of  a  gumma. 

After  the  operation  paralysis  was  present  in  the  left  side  of  the 
face  and  left  upper  limb,  and  the  left  lower  limb  was  paretic.  By 
July  2,  1902,  the  left-sided  weakness  had  almost  disappeared.  Anti- 
syphilitic  treatment  was  vigorously  pushed,  both  before  and  after  the 
operation. 
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Syphilis  not  infrequently  affects  the  base  of  the  brain  more  than 
other  parts.  I  have  recently  had  the  opportunity  to  study  another 
case  of  this  kind.  The  patient  was  under  the  care  of  Dr.  Alfred 
Stengel,  and  the  pathologic  material  and  clinical  notes  are  from 
him. 

The  patient,  F.  B.,  a  woman,  42  years  of  age,  was  admitted  to 
the  Pennsylvania  Hospital  November  18,  1902.  She  had  had  three 
children,  all  were  dead,  one  having  been  still-bom.  It  was  said  that 
the  other  two  died  of  diphtheria.  The  patient  had  always  been 
healthy  until  within  the  past  year.  She  was  taken  sick  last  January 
with  pain  in  the  back  of  her  neck  and  head.  She  had  severe  pain 
throughout  her  body,  and  had  had  three  or  four  attacks  of  vertigo. 
She  had  been  able  to  do  light  housework  until  a  week  ago.  Last 
winter  her  body  was  covered  with  an  eruption  which  lasted  about 
six  weeks  and  did  not  itch,  and  was  pronounced  syphilitic  by  a 
physician. 

On  November  10  the  patient  suddenly  fell  against  a  door,  but 
thinks  she  did  not  strike  her  head.  She  was  able  to  walk  to  her 
bed  without  assistance.  Shortly  after  this  some  friends  noticed  that 
her  face  was  drawn  to  one  side.  Since  the  accident  she  has  had 
diplopia. 

On  examination  she  was  found  to  be  a  fairly  well-nourished 
woman.  The  left  pupil  was  slightly  smaller  than  the  right  and  both 
were  contracted.  The  left  side  of  the  face  was  smoother  than  the 
right  and  the  mouth  was  drawn  to  the  right.  There  was  slight  con- 
traction of  the  muscles  on  the  left  side  of  the  face.  She  had  internal 
strabismus,  the  external  rectus  of  the  left  eye  being  paralyzed- 
Wrinkling  of  the  forehead  was  more  distinct  on  the  right  side,  but 
the  eyelids  could  be  closed  on  each  side.  There  was  no  impairment 
of  sensation,  no  impairment  of  motion  in  the  extremities,  no  paraly- 
sis of  the  vocal  cords  or  throat  muscles.  The  patellar  reflex  was 
exaggerated  on  each  side,  but  ankle  clonus  was  not  present.  She  had 
pulmonary  symptoms  and  died  November  25,  1902. 

The  interesting  features  of  this  case  are:  Syphilitic  infection 
followed  within  a  few  months  by  pains  in  the  neck,  head,  and  body, 
and  within  a  year  by  paralysis  of  one  side  of  the  face  and  of  the 
left  external  rectus,  unequal  pupils,  and  exaggerated  patellar  reflex 
on  each  side.  The  symptoms  were  indicative  chiefly  of  lesion  of 
the  medulla  oblongata,  viz.,  paralysis  of  one  sixth  and  of  one  seventh 
nerve,  and  the  microscopic  examination  explains  the  symptoms. 
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Sections  through  the  medulla  oblongata  show  numerous  small 
hemorrhages  within  the  nervous  tissues,  especially  in  the  dorsal  part 
of  the  medulla  oblongata.  Swollen  axis  cylinders  are  found  in  one 
of  the  anterior  pyramids.  The  round-cell  infiltration  of  the  pia  is 
intense  and  the  blood-vessels  are  much  thickened.  The  round-cell 
infiltration  of  the  pia  is  found  also  at  other  parts  of  the  base  of  the 
brain. 

N^umerous  hemorrhages  within  the  central  nervous  system,  such 
as  are  seen  in  this  case,  without  softening  of  the  tissues,  are  uncom- 
mon in  syphilis,  in  my  experience. 

In  view  of  the  interesting  paper  by  E.  S.  Keynolds  ^  on  the  early 
manifestations  of  tabes  dorsalis,  a  disease  acknowledged  by  most 
neurologists  to  be  usually  a  parasyphilitic  affection,  it  may  be  well 
to  add  the  abridged  notes  of  two  cases  of  my  own  of  this  type. 

E.  M.,  45  years  old,  male,  contracted  syphilis  about  fifteen 
years  ago.  He  has  had  pain  in  the  front  of  each  thigh  and  back  of 
the  left  thigh  occasionally  during  the  past  two  years,  but  has  not  had 
pain  elsewhere.  The  pain  is  sharp  and  causes  him  to  cry  out.  He 
has  never  had  any  disturbance  of  micturition  or  defecation,  except 
that  lately  he  has  been  a  little  constipated.  In  walking  in  a  dark 
room  he  wanders  considerably  from  a  straight  line.  Sexual  func- 
tions have  been  impaired  for  two  or  three  years.  The  patellar  reflex 
is  absent  on  each  side.  With  eyes  open  he  stands  fairly  well,  but 
sways  distinctly  though  not  excessively  with  eyes  closed.  His  gait 
is  normal  with  eyes  open,  but  he  sways  slightly  in  turning  quickly 
when  his  eyes  are  closed.  The  Achilles  jerk  is  absent  on  each  side 
in  the  Babinski  position.  Sensation  for  touch  is  normal  in  the  feet, 
but  sensation  for  pain  is  impaired  in  the  soles  of  the  feet.  He  has 
a  band  of  slight  hypalgesia  about  each  side  of  the  thorax  in  the 
nipple  line,  and  slight  ataxia  in  touching  the  end  of  the  nose  with 
one  finger.    His  sight  has  been  failing  about  one  year. 

Dr.  W.  C.  Posey  examined  this  man's  eyes  and  found  that  the 
right  pupil  was  2^  mm.  in  diameter,  while  the  left  was  3^  mm. 
The  irides  were  quite  sluggish  to  light,  but  reacted  well  to  accom- 
modation stimuli.  The  right  optic  nerve  was  healthy,  but  the  left 
optic  nerve  was  somewhat  infiltrated. 

A  man,  42  years  old,  had  a  chancre  when  about  22  years  of  age. 


»E.  S.  Reynolds.     Review  of  Neurology  and  Psychiatry,  March,  1904. 
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His  papillfiB  have  been  pale  for  many  years,  and  at  present  Dr.  W.  0. 
Posey  finds  simple  optic  atrophy  in  each  eye.  The  right  pupil  does 
not  react  to  light  or  in  accommodation,  whereas  the  left  is  active. 
He  has  a  relative  scotoma  in  each  eye.  The  right  pupil  is  larger 
than  the  left.  After  a  thorough  examination  I  was  able  to  find  that 
during  the  past  year  he  had  diflficulty  in  expelling  the  urine,  and 
sometimes  was  unable  to  do  so,  that  he  had  a  distinct  band  of  hypal- 
gesia  and  hypesthesia,  about  two  to  three  inches  in  width  just  below 
the  right  nipple,  but  that  this  band  did  not  involve  the  left  side  of  his 
trunk.  The  patellar  reflex  seemed  possibly  a  little  exaggerated  on 
each  side,  but  this  was  uncertain. 

The  zone  of  disturbed  sensation  about  the  right  thorax  was  very 
valuable  in  this  case,  as  being  one  of  the  few  symptoms  pointing 
probably  to  early  tabes.  The  thoracic  band  of  disturbed  sensation 
should  always  be  carefully  sought  for  in  suspected  and  doubtful  cases 
of  tabes  or  syphilis.  Hypalgesia  of  the  soles  of  the  feet,  likewise, 
may  be  one  of  the  earliest  signs  of  tabes. 

Another  sign  that  is  often  present  in  early  tabes  and  is  too  often 
overlooked  is  absence  of  the  Achilles  jerk,  especially  when  this  reflex 
is  tested  in  the  Babinski  position.  I  know  of  no  other  means  of 
testing  this  reflex  so  successfully.  The  patient  should  kneel  on  a 
chair  with  his  legs  resting  comfortably  on  the  seat ;  in  this  way  the 
best  relaxation  of  muscles  can  be  obtained. 

The  case  just  described  is  interesting  because  of  the  slow  progres- 
sion of  optic  atrophy  with  the  development  of  few  signs  of  tabes,  and 
is  a  good  example  of  the  optic  form  of  tabes.  Byrom  Bramwell  *  has 
expressed  the  opinion  that  early  optic  atrophy  does  not  always  have 
the  effect  of  arresting  the  development  of  tabes,  and  he  reports  a  case 
in  support  of  his  statements,  in  which  certainly  the  disease  pro- 
gressed although  the  optic  atrophy  occurred  early.  Most  rules  have 
exceptions,  and  my  case  to  which  I  have  just  referred  shows  that  the 
optic  atrophy  does  seem  to  arrest  in  some  way  the  disease.  I  could 
refer  to  other  examples.  I  have  frequently  lectured  on  a  colored 
man  at  the  Philadelphia  Greneral  Hospital  who  has  tabes  with  optic 
atrophy,  and  has  had  it  for  years,  but  the  other  symptoms  of  the 
disease  are  comparatively  slight. 

The  opinion  has  been  expressed  by  French  neurologists  '  within 

*  Byrom  Bramwell.    Clinical  Studies,  Jan.  1,  1904. 

•  Revue  Neurologique,  Jan.  15,  1902,  No.  1,  p.  56. 
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the  last  few  years  that  tabes  as  it  now  appears  is  not  so  severe  as 
formerly,  and  is  of  slower  development,  and  that  cases  of  arrested 
tabes  are  more  numerous  than  they  were  ten  or  twenty  years  ago. 
This  opinion,  I  think,  must  be  correct,  and  I  am  quite  certain  that 
I  see  many  cases  in  a  very  early  period  of  the  disease.  The  early 
cases  of  tabes  and  syphilis  are  those  that  have  been,  and  still  are, 
most  frequently  overlooked,  and  it  is  possible  that  a  more  general 
recognition  of  these  types  may  lead  to  a  modification  of  our  ideas 
regarding  the  symptomatology  of  the  affections.  It  is  in  the  early 
stages  that  much  may  be  expected  from  treatment. 
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The  case  that  we  report  herewith  is  interesting  in  view 
of  its  remarkable  clinical  manifestations  and  the  unusual 
pathological  findings  which  serve  to  explain  the  sequence  of 
the  clinical  events.  It  occurred  in  the  University  Hospitiil 
in  the  service  of  Dr.  Musser,  to  whom  we  are  indebted  for 
the  use  of  the  clinical  data. 

The  clinical  history  of  the  case  is  as  follows :  The  patient, 
a  woman,  aged  thirty-seven  years,  and  a  native  of  Ireland, 
was  admitted  to  the  hospital,  November  13,  1905.  She 
came  to  this  country  twenty-two  years  ago.  Her  family 
history  presents  no  features  bearing  any  relation  to  her 
condition.  She  was  married  at  twenty-three,  has  had  no 
children,  and  claims  to  have  had  no  miscarriages.  No 
history  of  specific  infection  is  obtainable  in  herself  or  her 
husband. 


Previous  Medical  History.  The  patient  had  measles, 
whooping-cough,  scarlet  fever,  and  chicken  pox  in  childhood. 
There  is  also  a  doubtful  history  of  diphtheria.  Menstruation 
began  at  twelve  years,  was  regular,  painless,  and  lasted 
from  three  days  to  a  week,  until  after  she  was  married. 
After  having  been  married  several  years  she  began  to  have 
dysmenorrhoea  and  the  flow  became  prolonged  at  each  period 
until  finally  she  had  a  continuous  flow  and  pain  for  nearly 
two  years.  She  was  operated  on  about  four  years  ago  at 
the  Pennsylvania  Hospital,  the  uterus  being  removed,  she 
says,  because  of  a  tumor.  She  was  perfectly  well  otherwise 
until  January,  1905,  when  she  had  some  cardiac  trouble, 
manifesting  itself  by  oedema,  dyspnoea,  palpitation  of  the 
heart,  and  precordial  pain,  increased  upon  exertion.  At 
this  time  she  had  also  a  severe  cough  occurring  in  paroxysms 
that  lasted  at  times  an  hour.  These  symptoms  passed  away 
and  she  felt  perfectly  well  and  was  able  to  perform  her  own 
housework  until  the  present  illness  began. 

History  of  the  Present  Illness.  About  two  and  one-half 
months  ago,  without  any  known  cause,  the  patient  began  to 
have  pain  in  the  right  side  of  the  chest.  This  pain  was 
worse  on  exertion  and  was  especially  aggravated  by  using 
the  right  arm  It  was  at  times  relieved  by  lying  down, 
but  grew  progressively  worse.  About  six  weeks  ago  her 
sister  looked  at  her  chest  and  noticed  a  lump,  which,  as 
she  expresses  it,  "jumped  up  and  down."  From  that  time 
on  the  patient  herself  has  been  aware  of  the  "beating" 
of  this  lump.  For  the  past  month  the  patient  has  suffered 
excruciating  pain  and  has  at  times  been  unable  to  sleep  during 
an  entire  night.  This  prominence  has  been  growing  pro- 
gressively more  tender  and  she  is  troubled  with  some  dyspnoea, 
palpitation,  and  a  little  cough,  and  she  says  her  voice  is 
becoming  husky. 

Physical  Examination  by  Dr.  Kelly.  The  patient  is  a 
fairly  well-developed  female  subject  with  good  bony  develop- 
ment, fair  musculature,  and  slight  panniculus  adiposus. 
Tic  re   is   no  ocdtmc,  no  cyanosis,  no    jaundice,  no  pallor 


of  the  visible  mucous  membranes  and  no  noteworthy  en- 
largement of  the  superficial  lymphatics.  The  chest  is  of 
good  length,  good  anteroposterior  diameter,  and  symmetri- 
cal, except  for  the  bulging  presently  to  be  noted.  The  inspi- 
ratory expansion  of  the  chest  is  slight,  less  on  the  left  si<le 
than  on  the  right. 

Normal  pulmonary  resonance  extends  to  the  sixth  rib 
anteriorly  in  the  midclavicular  line;  at  the  left  edge  of  the 
sternum  to  the  third  interspace,  and  posteriorly  to  the  eleventh 
dorsal  spine  on  both  sides;  all  move  downward  slightly  on 
deep  inspiration.  The  note  in  the  interscapular  spaces 
on  both  sides  from  the  third  to  the  seventh  spines  is  somewhat 
impaired.  The  respirator}'  murmur  throughout  both  lungs 
is  vesicular  in  character,  but  throughout  the  whole  left  lung 
it  is  very  faint,  especially  at  the  apex  anteriorly. 

The  apex  beat  is  visible  and  palpable  in  the  fifth  inter- 
space, almost  in  the  anterior  axillary  line;  it  is  strong  and 
somewhat  heaving  in  character.  To  the  right  of  the  sternum 
from  the  first  to  the  third  interspace  there  is  a  globular 
bulging  of  the  chest  reaching  forward  about  1.5  cm.  It 
exhibits  a  pulsation  distinctly  expansible  in  character;  and 
over  it  a  systolic  thrill,  a  diastolic  thrill,  and  a  distinct  dias- 
tolic shock  are  palpable.  The  superficial  cardiac  dulness 
extends  upward  lo  the  upper  border  of  the  third  rib,  where 
it  joins  the  sternum;  to  the  left  as  far  as  apex-beat;  and 
to  the  right,  a  half  inch  to  the  right  of  the  sternum.  The 
right  border  of  dulness  continues  upward  along  the  right 
sternal  border  to  the  third  rib,  then  curves  outward  and 
reaches  two  inches  from  the  sternum  at  the  second  rib;  it 
then  curves  upward  to  the  top  of  the  sternum,  and  finally 
descends  along  the  left  edge  of  the  sternum  to  the  third  rib. 
The  deep  dulness  reaches  upward  to  the  second  rib;  to  the 
left  as  far  as  the  apex  beat;  to  the  right  one  and  one-quarter 
inches  to  the  right  of  the  sternum.  Over  the  bulging  a  rough 
blowing  systolic  murmur  and  a  less  loud  diastolic  murmur 
are  quite  audible.  The  systolic  murmur  is  more  circum- 
scribed to  the  middle  and  lower  portions  of  the  bulging. 


The  second  aortic  sound  is  markedly  accentuated,  and  the 
diastolic  murmur  sometimes  seems  to  follow  it,  but  apparently 
is  not  transmitted  down  the  sternum  or  toward  the  apex. 
At  the  apex  there  is  a  soft,  long,  blowing,  systolic  murmur. 
The  pulse  in  the  right  carotid  and  right  radial  arteries  is 
much  less  marked  than  in  the  left.  The  liver  dulness 
reaches  to  the  margin  of  the  ribs  in  the  nipple  line;  the  organ 
is  indistinctly  palpable. 

The  left  pupil  is  slightly  larger  than  the  right;  rough 
measurement  puts  the  left  pupil  at  5  mm.,  the  right  at  3  mm. ; 
both  react  well  to  light  and  accommodation.  There  is  no 
change  in  the  color  of  the  two  sides  of  the  face,  and  no  uni- 
lateral sweating. 

Urine  Analysis:  November  14th:  Pale,  almost  colorless; 
clear:  heavy,  white  precipitate;  faintly  alkaline;  specific 
gravity,  1018;  no  albumin;  no  sugar.  Microscope  shows 
many  ammonio-magnesium-phosphate  crystals. 

Examination  of  the  Blood  Revealed:  Haemoglobin,  80  per 
cent.;  red  blood  corpuscles,  4,340,000;  white  blood  cor- 
puscles, 8800. 

The  following  notes  indicate  the  progress  of  the  patient's 
condition : 

November  lAth.  The  patient  is  suffering  severe  pain  at 
the  seat  of  the  aneurysm  and  is  comfortable  only  when  kept 
propped  up  and  leaning  forward. 

19^^.  Pain  is  complained  of  at  the  site  of  the  bulging 
and  along  the  vertebral  border  of  the  right  scapula. 

236^.  The  patient  to-day  experiences  some  difficulty  in 
swallowing,  and  complains  of  a  lump  rising  in  her  throat 
when  she  tries  to  swallow. 

24:th.  The  difficulty  in  deglutition  is  much  more  marked 
and  the  patient  cannot  swallow,  solid  food.  She  has  more 
cough  to-day  and  some  difiiculty  in  breathing.  She  is  unable 
to  lie  down.  Pain  persists  in  the  back,  in  the  precordium, 
and  over  the  bulging. 

25th.  The  prominence  to  the  right  of  the  sternum  pre- 
viously noted  has  markedly  subsided,  being  now  elevated 


scarcely  above  the  general  level  of  the  chest.  The  pal- 
patory signs  remain  unchanged.  Posteriorly  the  right  side 
seems  considerably  more  prominent  than  the  left.  The  point 
of  maximum  bulging  is  in  the  interscapular  space  near  the 
spine.  Over  the  interscapular  space  on  the  right  side  there 
is  marked  dulness  from  the  third  to  the  eighth  rib.  Below, 
there  is  a  narrow  area  of  resonance.  Over  this  dull  area, 
breath  sounds  and  fremitus  are  absent;  there  is  no  palpable 
pulsation. 

20th.  There  has  been  no  material  change  in  the  patitnts 
condition.  Examination  of  the  eye-grounds  by  Dr.  de 
Schweinitz  shows  the  retinal  arteries  presenting  a  marked 
expansile  pulsation,  similar  to  that  in  aneurysm  of  the  aortic 
arch. 

December  6th.  Condition  is  little  changed.  ITie  patient 
eats  almost  nothing,  due  to  the  increasing  difficulty  in  swal- 
lowing.    She  is  rapidly  losing  weight  and  strength. 

9/^.  The  bulging  in  the  right  of  the  sternum  has  not  only 
greatly  subsided,  but  the  expansile  pulsation  is  no  longer  visi- 
ble and  the  palpatory  signs  have  largely  diminished,  the  sys- 
tolic thrill  alone  being  distinctly  felt.  The  auscultatory  signs 
remain  unchanged,  but  the  murmurs  are  not  so  loud  as  they 
were.  The  difficulty  in  deglutition  becomes  progressively 
greater,  and  the  patient  has  a  much  more  persistent  hard 
cough  with  considerable  expectoration  of  thick  gray  clumps 
of  mucus. 

\lth.  The  difficulty  in  deglutition  has  become  more 
marked  during  the  past  twenty-four  hours.  She  can  swallow 
practically  nothing  without  having  a  severe  paroxysm  of 
coughing,  so  that  it  is  necessary  to  resort  to  rectal  feeding, 
and  to  the  giving  of  water  by  the  bowel  to  relieve  thirst. 
To-day  the  patient  coughs  a  great  deal  and  at  times  the 
breathing  is  harsh  and  noisy,  as  though  the  bronchi  were 
compressed. 

14th.  Dyspnoea  and  cough  are  more  marked;  otherwise 
the  condition  is  unchanged. 

15^^.     This    morning   the    patient's    condition    is    much 


worse  than  at  any  time  since  she  has  been  in  the  hospital. 
She  is  markedly  cyanosed,  her  lips  and  finger-nails  being  a 
distinct  blue;  she  is  very  dyspna'ic  and  loud  bronchial  rales 
can  be  heard  some  feet  away  from  the  bed.  She  can  no 
longer  swallow  and  complains  of  pain  over  the  entire  chest  and 
back.     Her  mind  is  not  perfectly  clear. 

15/^,  11  A.M.  The  patient  suddenly  became  extremely 
cyanosed,  her  face  grew  purple,  and  she  fell  over  dead. 

From  the  time  of  admission  the  temperature,  pulse,  and 
respiration  presented  no  markedly  abnormal  features,  ex- 
cept an  occasional  rise  in  the  respiratory  rate,  until  Novem- 
ber 29th,  when  the  respirations  rose  to  between  24  and  28 
in  the  minute,  and  remained  so  until  December  5th,  when 
they  increased  to  between  32  and  40,  ascending  at  one  time 
to  42.  At  about  the  same  time  variations  in  the  temperature 
were  noted,  and  the  fluctuations  varied  between  98°  and 
102°  from  then  until  death.  The  pulse-rate  remained 
between  80  and  100  throughout  the  patient's  stay  in  the 
hospital. 

With  these  clinical  data  at  hand  little  hesitancy  would 
be  entertained  in  making  a  diagnosis  of  aneurysm  of  the 
arch  of  the  aorta.  The  particularly  interesting  features 
to  determine  were  the  cause  of  the  disappearance  of  the 
pulsating  tumor  in  the  upper  thorax  anteriorly,  the  coinci- 
dent onset  of  dyspnoea  and  dysphagia,  and  the  cause  of 
the  patient's  sudden  death  with  symptoms  of  asphyxia.  It 
is  in  regard  to  these  questions  that  interesting  findings  were 
contributed  by  the  postmortem  examination,  from  the  notes 
of  which  we  have  extracted  the  following: 

The  only  features  of  any  pathological  interest  in  the  organs 
of  the  abdominal  cavity  were  a  moderate  degree  of  chronic 
passive  congestion  of  the  liver,  spleen,  and  kidneys. 

The  organs  of  the  thoracic  cavity  presented  in  brief  the  fol- 
lowing findings :  As  the  sternum  was  removed  there  was  found 
to  be  adherent  to  it,  at  the  junction  of  the  second  costal  carti- 
lage with  the  sternum,  an  aneurysm  arising  from  the  junction 
of  approximately  the  ascending  and  the  transverse  portions  of 


the  arch  of  the  aorta  (Fig.  1).  Its  main  axis  was  anteriorly 
in  the  direction  of  its  attachment  to  the  sternum.  It  con- 
tained a  grayish-red    laminated   clot  which   projected  into 


l''i<i  I. — Grosi  appearance  of  the  aneurysm  and  adjacent  organs,  to 
show  (he  broDcho-osophageal  fistula:  u,  sternum;  b,  anterior  aneurysm;  r, 
posterior  aneurysm;  d,  aortic  valve;  e,  left  ventricular  wall;  /,  trachea;  (/, 
oesophagus;  A,  bulging  due  to  aneurysm;  i,  fistula  between  left  bronchus 
and  oesophagns;  J,  aorta. 

the    left  ventricle,  where  it  was   attached   to   the  miisculi 
pectinati. 

On  the  posterior  wall  of  the  ascending  arch  and  consider- 
ably nearer  to  the  aortic  leaflets  than  the  preceding  aneurysm, 


was  a  second  aneurysm,  which,  extending  posteriorly,  com- 
pressed the  trachea  at  the  level  of  the  bifurcation.  The 
aneurysm  had  broken  down  the  arch  of  the  tracheal  rings 
and  had  exerted  such  pressure  on  the  posterior  wall  as  to 
produce  necrosis  with  a  resulting  fistula  between  the  left 
bronchus  just  below  the  bifurcation  and  the  oesophagus. 
This  perforation  was  approximately  0.5  cm.  in  diameter, 
its  edges  necrotic  and  foul  smelling.  As  the  trachea  was 
incised  considerably  above  the  level  of  the  fistula,  it  was 
found  filled  with  a  milky  substance  presenting  throughout 
the  characteristics  of  ingested  liquid  food.  The  mucous 
membrane  of  the  trachea  was  intensely  congested.  The 
bronchi  were  partially  filled  with  a  liquid  having  the  charac- 
teristics of  that  described  in  the  trachea.  With  the  slightest 
pressure  exerted  on  the  lungs  this  fluid  welled  up  in  the 
bronchi.  The  lungs  presented  throughout  all  five  lobes  a 
partial  consolidation.  On  section  numerous  grayish-white 
prominences  were  noted,  giving  the  tissues  an  extremely 
granular  appearance.  These  areas  were  especially  numerous 
in  the  lower  right  lobe,  where,  by  their  confluence,  the  lung 
assumed  a  practically  solid  appearance. 

Histological  Examination.  Sections  were  prepared  and 
studied  from  all  the  organs,  but  only  that  of  the  lung  has 
any  bearing  upon  the  interesting  features  of  the  case.  This 
section  shows  areas  in  which  the  tissue  is  practically  free 
from  pathological  lesions  and  adjoining  them  and  scattered 
through  them,  areas  in  which  the  alveoli  are  filled  with  an 
exudate  composed  primarily  of  polynuclear  and  mono- 
nuclear cells  and  a  few  epithelial  elements.  There  is  a 
moderate  amount  of  oedema  and  many  alveoli  contain  a 
granular  material  apparently  of  extraneous  origin.  The 
peribronchial  vessels  are  intensely  congested  and  in  the 
submucous  layers  a  moderate  round-cell  infiltration  is 
seen. 

Our  interpretation  of  the  pathological  findings  as  bearing 
on  the  clinical  features  of  the  case  are  as  follows:  When 
the  patient  entered  the  hospital  there  existed  the  aneurysm 


which  presented  anteriorly  and  became  adherent  to  the 
sternum,  and  in  all  probability  the  one  of  smaller  dimensions 
arising  from  the  posterior  wall  of  the  ascending  arch.  Later 
the  wall  of  this  aneurysm  weakening  permitted  its  increase 
in  size,  thus  compressing  the  trachea  and  oesophagus  and 
producing  the  consequent  dyspnoea  and  dysphagia.  Fur- 
thermore as  this  aneurysm  was  situated  nearer  to  the  left 
ventricle  than  the  one  located  anteriorly,  it  received  the  force 
of  each  systole  and  thus  permitted  the  subsidence  of  the  signs 
associated  with  the  aneurysm  presenting  anteriorly.  This 
was  apparently  the  existing  state  until  about  December  5th, 
when  the  rise  in  respiratory  rate  occurred,  and  was  followed 
within  a  few  days  by  the  beginning  of  rather  marked  tem- 
perature fluctuations  and  the  clinical  observation  that  the 
patient  had  a  much  more  jjersistent  cough  than  previously, 
and  associated  with  it  considerable  expectoration.  It  was  at 
this  time  that  a  slight  perforation  in  all  probability  occurred 
between  the  oesophagus  and  trachea,  suflBcient  to  produce 
an  aspiration  pneumonia.  These  conditions  existed  until 
just  prior  to  death,  when  the  fistula  suddenly  becoming 
enlarged,  permitted  the  flooding  of  the  respiratory  tract  by 
the  ingested  fluids,  which  had  been  prevented  from  passing 
into  the  stomach  by  the  obstruction  of  the  oesophagus  from 
the  aneurysm. 

CEsophageal  fistulae  may  be  divided  primarily  into  two 
general   classes,  congenital   and   acquired. 

Congenital  oesophageal  fistulae,  according  to  the  exhaustive 
analysis  of  congenital  anomalies  of  the  oesophagus  by  Kraus,* 
are  of  one  of  two  types:  (1)  Simple  tracheo-oesophageal 
fistulae.  In  this  type  there  is  a  simple  communication  between 
the  oesophagus  and  the  trachea  at  the  point  of  bifurcation  of 
the  latter.  The  position  of  the  fistula  at  this  point  is  deter- 
mined by  the  fact  that  here  the  closure  between  the  respiratory 
passages  and  the  gut  tract,  from  which  the  former  develops, 
occurs  latest.  (2)  The  more  common  type  of  congenital 
oesophageal  fistula?  is  associated  with  imperforate  oesophagus. 
The  upper  portion  of  the  oesophagus  is  usually  more  or  less 
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dilated,  ending  abruptly  at  the  level  of  bifurcation  of  the 
trachea,  just  above  which  occurs  a  communication  between 
the  oesophagus  and  the  trachea. 

Acquired  oesophageal  fistulae  may  be  primary  or  secondary. 
Primary  fistulse  are  those  resulting  from  diseases  of  the 
oesophagus  itself.  Secondary  fistulse  are  those  consequent 
upon  diseases  of  neighboring  parts  which  involve  the  oesoph- 
agus by  extension  or  cause  sufficient  pressure  to  induce 
necrosis  and  consequent  perforation.  In  general,  primnry 
and  secondary  perforations  have  occurred  with  aim  st 
equal  frequency,  the  slight  inequality  being  in  favor  of  t!.c 
primary.  Of  twenty-four  cases  observed  by  Zenker" 
twelve  were  primary,  nine  secondary,  and  three  doubtful. 
However,  when  we  consider  perforations  from  the  oesophagus 
into  the  air  passages  alone  we  find  primary  perforations 
greatly  preponderating,  the  secondary  almost  a  rarity.  As 
to  sex,  oesophageal  fistulse  are  much  more  frequent  in  males 
than  in  females.  Of  Zenker's  twenty-four  cases,  nineteen 
occurred  in  males,  and  in  an  analysis  of  one  hundred  and 
fourteen  cases  by  Zenker  and  Ziemssen,  seventy-seven 
were  in  male  subjects,  twenty-five  in  female,  while  in  twelve 
the  sex  was  unknown.  Of  Vigla's^  eighteen  cases,  fourteen 
were  in  males.  In  regard  to  age,  the  greatest  number 
appear  to  occur  between  the  ages  of  forty  and  fifty.  As  to 
the  frequency  of  the  various  causes  of  primary  perforation,* 
leading  to  fistula  between  the  oesophagus  and  the  neigh- 
boring parts,  carcinoma  of  the  oesophagus  is  usually  looked 
upon  as  the  most  common,  an  opinion  seemingly  warranted 
by  the  fact  that  of  sixty-four  reported  cases  of  primary 
perforations,  thirty-eight  were  the  result  of  oesophageal 
carcinoma.  Zenker  and  Ziemssen,  in  a  very  careful  analysis, 
look  upon  the  apparent  frequency  of  carcinoma  as  a  cause 
of  perforation  as  false,  claiming  that  on  account  of  the  more 
striking  clinical  picture  and  the  greater  severity  of  symptoms 

*  Cases  of  sudden  perforation  in  a  previously  healthy  oesophagus, 
classed  as  ruptures,  an  exhaustive  analysis  of  which  will  be  found  by 
McWeeney  (Lancet,  July  21,  1900),  are  not  considered  in  this  paper. 
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in  carcinoma  of  the  oesophagus,  as  compared  with  the  other 
causes  of  perforation,  these  cases  are  more  commonly  re- 
ported in  the  literature.  They  hold  that  the  true  proportions 
are  more  accurately  expressed  by  the  twelve  cases  of  their 
own  observation,  in  which  eight  were  due  to  traction  diver- 
ticulae,  two  to  carcinoma,  and  two  to  ulcerations  of  a  non- 
carcinoma  tons  nature. 

As  regards  secondary  perforations,  amongst  the  various 
causes  are  abscesses  and  softening  of  either  tuberculous 
or  anthracotic  tracheal  or  bronchial  lymph  glands;  abscess 
of  the  mediastinum  or  the  retropharyngeal  tissue,  resulting 
from  tuberculosis  of  the  cervical  or  upper  dorsal  vertebrae; 
ulcerations  of  various  origin  of  the  trachea,  amongst  which 
those  of  syphilitic  and  carcinomatous  origin  are  the  most 
prominent;  gangrene  of  the  lung;  finally,  pressure  on  the 
oesophagus  from  without,  amongst  the  causes  of  which  may 
be  mentioned  aneurysm,  goitre,  and  the  various  tumors  of 
the  neck. 

To  consider  the  various  organs  and  parts  with  which  oesoph- 
ageal fistulae  may  communicate,  Zenker  and  Ziemssen  in 
an  analysis  of  one  hundred  and  seventeen  cases,  found  the 
communication  to  have  occurred  in  the  following  frequency 
with  the  oi^ns  mentioned: 

Right  bronchus 14 

Left  bronchus 12  =  26 

Trachea 21 

Right  lung 17 

Left  lung 6 

Right  pleural  cavity 10 

Left  pleural  cavity 1 

Pericardium 7 

Left  auricle 1 

Aorta 18 

Pulmonary  art«ry 1 

Carotid  artery 1 

Subcla\'ian  artery 2 

Inferior  thvToid  arten- 1 

Intercostal  arterj- 1 

Vena  cava 1 

Azj-gos  vein 1 

Cvst  of  th\Toid 2 
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In  the  above  tabulated  cases,  practically  60  per  cent,  of 
the  perforations  were  between  the  oesophagus  and  some  por- 
tion of  the  air  passages,  and  22  per  cent,  occurred  between 
the  oesophagus  and  one  of  the  bronchi. 

A  brief  reference  to  the  more  prominent  features  of  our 
case  shows  it  to  belong  to  the  type  of  secondary  fistulae. 
Though  perforation  between  the  oesophagus  and  bronchus 
is  one  of  the  relatively  frequent  forms  the  case  is  unique  by 
reason  of  its  cause.  In  the  literature  on  the  subject  we  are 
able  to  find  but  one  similar  case,  that  reported  by  Habershon  :* 
The  patient,  a  man  of  twenty-three  years,  gave  a  history 
of  a  traumatic  aneurysm  of  the  ascending  arch  of  the  aorta 
which  produced  death  by  perforating  into  the  pericardium. 
For  a  week  preceding  death  he  had  experienced  considerable 
difficulty  in  deglutition,  and  at  the  autopsy,  pressure  necrosis 
and  a  resulting  fistula  were  found  between  the  oesophagus 
and  the  left  bronchus  just  below  the  point  of  bifurcation. 
The  rupture  of  the  aneurysm  was  not  at  this  point.  It 
is  an  interesting  fact  that  the  position  of  the  fistula  in  this 
case  corresponds  exactly  with  that  in  ours. 

Amongst  the  numerous  cases  of  fistula  between  the  oesoph- 
agus and  the  air  passages  of  various  origin  reported  are 
some  with  most  bizarre  features.  Aufrecht^  reports  a  case 
in  which  there  was  a  fistula  in  the  suprasternal  notch  from 
the  larynx  to  the  external  surface,  and  2  cm.  below  the  level 
of  the  suprasternal  notch  was  another  between  the  bronchus 
and  the  oesophagus,  so  that  a  great  portion  of  the  liquids 
swallowed  reappeared  at  the  suprasternal  notch.  Cartier 
and  Masson^  report  a  case  of  tracheo-oesophageal  fistula  re- 
sulting from  a  cannula  left  in  the  trachea  for  six  years  after 
a  tracheotomy. 

In  the  diagnosis  of  broncho-oesophageal  or  tracheo- 
oesophageal  fistula,  naturally  the  pathological  condition  pro- 
ducing the  fistula  must  receive  due  consideration.  An 
almost  constant  feature  is,  moreover,  laryngitis  and  cough 
consequent  upon  it  and  upon  irritations  of  the  laryngeal 
mucous   membrane   by  food   particles.     Later,   almost   in- 
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variably,  aspiration  pneumonia  develops  and  is  usually  a 
forerunner  of  death,  though  abscess  or  gangrene  of  the 
lung  may  develop  before  death  relieves  the  patient  of  a 
miserable  existence. 

There  are  many  phenomena  that  may  be  observed  to  lend 
evidence  to  the  diagnosis  of  fistula  between  the  oesophagus 
and  the  air  passages.  Kohlenberger/  in  an  article  on  tra- 
cheo-oesophageal  fistula,  states  that  if  after  a  smooth  act  of 
swallowing,  in  which  the  larynx  is  not  irritated,  food  is 
coughed  up  the  diagnosis  is  certain.  Martins*  administers 
fuchsin-colored  bouillon  and  watches  for  its  reappearance. 
In  a  patient  of  his  own,  on  whom  he  used  this  test,  there 
was  perfect  quiet  for  two  minutes  after  the  swallowing, 
during  which  time  the  patient  rinsed  his  mouth  well,  and 
then  coughing  commenced,  lasting  for  six  minutes,  during 
which  time  most  of  the  ingested  colored  liquid  was  expelled. 

Attempts  have  been  made  to  apply  to  the  diagnosis  of 
communications  between  the  oesophagus  and  the  air  passages 
the  variations  in  pressure  in  the  cesophagus  during  respira- 
tion. The  first  observations  bearing  upon  this  subject 
were  made  by  Gerhardt.'  ^Vhile  an  assistant  in  Griesinger's 
Clinic  in  Tubingen,  using  the  Green  method  of  injection  of 
astringents  into  the  air  passages  for  the  cure  of  bronchitis, 
he  attempted  to  evolve  a  definite  test  to  determine  when  the 
tube  w^as  in  the  bronchus.  Introducing  a  tube  into  the 
bronchus  and  holding  a  lighted  candle  before  the  free  end, 
the  flame  was  drawn  toward  the  tube  in  inspiration  and 
blown  away  from  it  in  expiration.  The  tube  was  then 
introduced  into  the  oesophagus,  and  much  to  Gerhardt's 
surprise  the  same  phenomena  were  observed.  The  un- 
doubtedly correct  explanation  for  these  occurrences  was 
offered  by  Gerhardt:  that  all  of  the  hollow  organs  contained 
within  the  thorax  are  subjected  to  a  negative  pressure  during 
inspiration,  but  on  account  of  the  soft  flexible  walls  of  an 
organ  such  as  the  oesophagus,  its  upper  portion  acting  as  a 
valve,  no  air  flows  in  from  the  exterior.  This  explanation 
harmonizes  well  with  the  fact  that  when  the  inner  end  of  the 
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tube  passes  beyond  the  boundary  of  the  thoracic  cavity, 
i.  e.,  into  the  pharynx  or  stomach,  the  movements  of  the 
flame  cease. 

Sixteen  years  later  Gephardt's  assistant,  Emminghaus,*" 
working  along  the  same  line,  attached  the  external  end  of 
the  tube  to  a  water  manometer  to  determine  accurately 
the  normal  inspiratory  and  expiratory  pressure  in  the  oesopha- 
gus. He  found  that  during  quiet  respiration  the  inspiratory 
pressure  was  equal  to  4  cm.,  the  expiratory  pressure  the 
same.  In  forced  respirations  the  inspiratory  pressure 
increases  to  22  cm.,  the  expiratory  to  16  cm. 

In  1886,  Martins"  attempted  to  carry  the  subject  still 
farther  by  obtaining  graphic  representation  of  the  variations 
in  pressure  in  the  oesophagus  by  means  of  a  revolving 
drum.  He  succeeded  in  doing  this  in  a  very  graphic  way,  as 
is  shown  in  the  accompanying  diagram  (Fig.  2). 

The  small  curves  superimposed  on  the  larger  ones  are 
apparently  due  to  the  heart's  action.  The  larger  ones  repre- 
sent the  respiratory  movements.  This  apparatus  was  then 
used  on  a  case  of  broncho-oesophageal  fistula,  and  there 
was  found  to  be  almost  complete  obliteration  of  the  curves 
due  to  the  respiratory  act.  The  cause  of  this  may  seem 
somewhat  obscure,  but  it  will  readily  be  understood  with 
the  assistance  of  the  accompanying  rough  diagrams  (Figs. 
3,  4,  and  5). 

Letter  A,  Fig.  3,  represents  the  pulmonary  apparatus 
and  B  the  oesophagus;  on  inspiration  there  is  negative 
pressure  in  the  direction  of  the  arrow  C,  equivalent,  let  us 
say,  to  ten  units.  If  now  there  be  a  communication  between 
the  pulmonary  apparatus  and  the  oesophagus,  as  shown  in 
Fig.  4,  air  will  flow  from  the  respiratory  passages  into  the 
oesophagus  in  the  direction  of  the  arrow  D,  equivalent  to 
compensate  for  the  ten  units  of  pressure,  and  perfect  equili- 
brium will  result.  This,  however,  is  subject  to  variations.  For 
if  the  opening  between  the  air  passages  and  the  oesophagus 
be  small  and  the  inspiration  be  powerful  and  quick,  not 
sufficient  air  will  pass  through  the  communication  to  com- 
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pensate  for  the  negative  pressure  and  there  will  be  a  balance 
left  in  favor  of  the  latter.  To  express  this  diagrammatically, 
suppose  that  the  inspiratory  effort  created  a  negative 
pressure  in  the  direction  of  the  arrow  C,  Fig.  5,  equivalent 
to  twenty  units,  and  air  was  able  to  enter  through  the  fistula 
equivalent  to  only  ten  units,  there  would  then  be  ten  units 
still  in  favor  of  the  direction  C.  This  series  of  phenomena 
actually  occurred  in  Martins'  patient  when  he  was  commanded 
to  take  deep  inspirations,  the  curves  reinstating  themselves 


Fig.  2. — Graphic  representation  of  variations  in  pressure  in  the 
oesophagus.    (After  Martins.) 

practically  the  same  as  in  the  normal  cases  in  ordinary 
respirations. 

Another  possibility  must  be  taken  into  consideration  in 
the  temporary  occlusion  of  the  fistulous  opening  by  food 
or  secretions  and  the  consequent  occurrence  of  a  valve-like 
fistula,  as  in  Quincke's  case,  in  which  air  could  enter  from 
the  bronchus  into  the  oesophagus  but  could  not  return,  in 
consequence  of  which  entering  the  gastrointestinal  tract  it 
produced  enormous  meteorism. 

It  is  thus  seen  that  deductions  in  regard  to  intraoesophagea 
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fistulse  must  be  drawn  with  the  greatest  care,  at  least,  until 
further  observations  have  put  the  subject  on  a  more  trust- 
worthy basis. 

As  to  the  treatment  of  broncho-oesophageal  and  tracheo- 
oesophageal  fistula,  we  must  look  to  the  daring  advances 
of  surgery  to  furnish  the  only  possibility  of  a  cure.  The 
physician's  attention,  however,  can  be  directed  to  guarding 
against  or  alleviating  the  complications  resulting  from  the 
fistula,  chief  amongst  which  are  laryngitis,  bronchitis,  and 
aspiration  pneumonia. 


Fig.  3 


Fig.  4 


Fig.  5 
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The  condition  at  present  recognized  as  the  Adams-Stokes 
s\Tidrome  was  first  described  by  Adams^  in  1827,  and  more  fully 
studied  by  Stokes'  in  1846.  Since  that  time  many  cases  have  been 
reported  and  studied,  but  until  veiy  recently  no  really  convincing 
demonstration  of  the  etiolog}'  and  pathological  basis  of  the  condition 
had  appeared.  Thus,  Charcot  held  that  the  lesion  was  to  be  found 
in  the  medulla;  Stokes  himself  suggested  the  heart  muscle;  Huchard' 
held  that  the  circulator)'  mechanism  of  the  heart,  together  with 
disease  of  the  cerebral  vessels,  should  be  held  accountable;  Gibson* 
and  Jacquet'^  called  attention  to  a  certain  similarity  with  intermittent 
claudication ;  and  others  have  ascribed  the  condition  to  fatty  degener- 
ation of  the  heart,  to  tumors  of  the  vagus,  or  to  pressure  upon  the 
pneumogastric  nerve.  GaskelP  was  the  first  to  demonstrate  the 
fact  that,  in  tortoises,  constriction  of  the  circular  layer  of  muscle 
at  the  auriculoventricular  junction  inhibits  the  nonnal  rhythm  of 
the  heart,  so  that  the  auricles  and  ventricles  beat  independently 

1  Dublin  Hosp.  Reports,  1827,  vol.  iv,  396. 
»  Dublin  Quart.  Jour.  Med.  Sci.,  1846,  ii,  73. 

*  Traits  du  Maladie  du  Coeur. 

'  *  The  Nervous  .\ffections  of  the  Heart.  1904,  p.  65. 

»  Deut.  Arch.  f.  klin.  Med..  Ixxii,  No.  2. 

•  Jour.  Physiol..  1883.  iv,  43. 
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of  each  other.  Chauveau/  Vaquez  and  Bureau/  and  Moritz"  have 
contributed  interesting  articles  dealing  with  the  dissociation  of  the 
auricles  and  the  ventricles. 

To  Erlanger^"  belongs  the  credit  of  first  suggesting  that  the  lesion 
of  Adams-Stokes  disease  lay  in  the  bundle  of  His,  and  of  offering 
incontestable  experimental  evidence  supporting  his  belief.  In  1905 
Stengel"  made  a  preliminary  report  of  a  case  of  Adams-Stokes 
disease  in  which  the  autopsy  disclosed  macroscopically  an  athero- 
matous lesion  on  "the  anterior  mitral  leaflet  toward  its  base  and 
aortic  edge,"  being,  therefore,  in  the  region  "exactly  over  the  bundle 
of  His  where  this  band  passes  from  the  ventricle  to  the  auricle." 
Thus  far  there  has  been  no  report  of  the  microscopic  findings,  so 
that  it  is  still  uncertain  whether  there  was  actual  involvement  of 
the  bundle,  although  there  is  strong  presumptive  evidence  that  such 
was  the  case. 

For  many  years  an  active  discussion  has  been  carried  on  by  physi- 
ologists as  to  the  cause  of  the  rhythmic  activity  of  the  heart.  One 
school — the  followers  of  the  myogenic  theory — has  held  that  the 
heart  muscle  itself  possesses  an  inherent  automaticity,  which  is 
influenced  by,  but  not  dependent  upon,  the  nervous  mechanism. 
The  other  school  took  the  opposite  view,  namely,  that  the  nerves 
and  ganglia  are  of  primary  importance.  Long  ago  the  fact  was 
pointed  out  that  contractions  occur  in  the  fcetal  heart  before  its 
ner\^ous  structures  are  developed,  and  this  has  tended  to  support 
the  myogenic  theory,^^ 

It  has  been  demonstrated  by  the  experiments  of  Gaskell,  His, 
Tigerstedt,  and  Erlanger  that  the  symptoms  of  Adams-Stokes 
disease  and  those  of  heart-block,  brought  about  by  injury  to  the 
bundle  of  His,  are  very  similar.  Erlanger,  by  an  ingenious 
clamp  screw  applied  to  the  muscular  bundle,  was  able  to  bring 
about  a  gradual  failure  of  conductivity  from  auricle  to  ventricle. 
When  slight  pressure  was  made  the  ventricle  would  miss  every 
fourth  auricular  stmulus;  when  the  pressure  was  further  increased, 
the  ratio  would  fall  from  1  to  3  to  1  to  2,  and  finally  complete  dis- 
sociation of  the  rhythm  would  occur.  In  other  words,  a  condition 
of  complete  heart-block  had  occurred,  and  the  ventricle  setting  up 
a  rhythm  of  its  own  contracted  entirely  independently  of  the  auricle. 
"With  each  change  in  rhythm  the  blood  pressure  was  much  affected, 
falling  with  the  fall  of  the  ventricular  rate  and  rising  with  its  increase. 
But  even  in  complete  block  a  fair  pressure  might  be  maintained. 
With  partial  block  both  auricle  and  ventricle  might  be  inhibited  by 

7  Rev.  de  Med.,  1885,  v,  p.  161. 

8  Compt.  rend,  du  Soc.  Biol.,  Paris,  1893,  p.  170. 
»  St.  Petersburg  med.  Woch.,  1897,  p.  301. 

w  Jour.  Exper.  Med.,  November  25,  1905;    Ibid.,   January  25,  1906,  p.  8;    Bull.   Johns 
Hopkins  Hosp.,  June,  1905. 

"  Amcr.  Jour.  Med.  Sci.,  1905,  cxxx,  1083. 

'-  Erlanger,  Jour.  Amer.  Med.  Assoc.,  1906,  June  2,  1895. 
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stimulation  of  the  vagus  as  easily  as  under  normal  foiiditioiis.  Hut 
when  the  block  was  complete  no  diminution,  or  only  a  slight  dimi- 
nution, of  the  rate  of  the  ventricle  resulted  from  stimulation  of  the 
vagus.  The  auricles  reacted  normally  to  vagus  stimulation.  Sec- 
tion of  both  vagi  had  little  or  no  influence  on  the  rate  of  the  ven- 
tricular beat  when  the  block  was  complete.  But  stimulation  of  the 
accelerator  nerve  usually  increased  the  rate  of  the  ventricle.  The 
reaction  of  the  auricles  to  stimulation  of  the  accelerator  nerve  was 
not  influenced  by  the  block." 

In  mammalia  the  muscular  stnicture  of  the  auricle  is  separated 
from  that  of  the  ventricle  by  a  layer  of  connective  tissue.  In  order 
to  substantiate  the  contention  of  the  upholders  of  the  myogenic 
theor}'  of  cardiac  rhythmicity  it  was  essential  that  some  bridge  of 
connecting  muscular  tissue  be  demonstrated.  This  was  accom- 
plished by  \Vm.  His,  Jr.,*'  and  by  Stanley"  independently  of  each 
other.  But  His  was  the  first  to  succeed  in  sectioning  this  mus- 
cular bundle,  and  bring  about  a  dissociation  of  the  auricular  and 
ventricular  rhythni. 

Owing  to  the  meager  character  of  His'  preliminary  publications 
which  appeared  in  1893,  the  subject  attracted  little  attention  until 
1904,  when  the  existence  of  the  bundle,  its  physiological  properties, 
and  its  exact  anatomy  were  confirmed  through  the  researches  of 
Retzer,*^  Breunig,"  Humblet,"  and  Hering." 

The  stiucture  which  is  now  known  as  the  bundle  of  His  consists 
of  a  narrow  band  of  fibers  18  mm.  in  length,  2.5  mm.  in  width,  and 
1.5  mm.  in  thickness,  extending  from  the  right  auricle  and  its  valves 
to  the  interN'entricular  septum. 

More  recently  the  structure  has  been  carefully  studied  by  Keith" 
and  Tawara.*  The  latter  has  given  a  developmental  as  well  as 
an  anatomical  description  of  it.  According  to  him  the  "bundle  of 
fibers  passes  fonsard  from  the  coronary  sinus  through  the  interauricu- 
lar  septum  to  the  central  fibrous  body  of  the  heart,  on  which  it  forms 
a  plexus.  One  of  the  bundles  from  this  plexus  breaks  through  the 
fibrous  body  into  the  interventricular  septum  and  is  distributed 
subendocardially  on  the  right  and  the  left  sides  of  the  latter.  The 
auricular  part  of  the  bundle  is  made  up  of  very  fine,  richly  nucleated 
fibers,  and  the  fibers  of  the  ventricular  part  belong  to  the  Purkinje 
type."'* 

Still  further  corroboration  of  the  auriculoventricular  dissociation 

"  Arbeit,  a.  d.  Klin,  cu  Leipsig,  1893,  p.  23;  Zentrbl.  f.  Ph>-s.,  1895.  ix,  469;  Deut.  Arch, 
f.  klin.  Med.,  1899,  Ixiv,  316. 

'<  Jour,  of  Physiol.,  vol.  xiv.  »»  Arch.  f.  Anat.,  1904,  p.  1. 

'•  Arch.  f.  Physiol.,  1904,  suppl.  1. 

"  Arch,  internal,  d.  Physiol.,  1904,  i,  p.  278. 

••  PflOger's  Archiv.,  cviii,  p.  267. 

»  Lancet.  1906.  i,  623. 

*>  Vide  AschofiF,  .Munch,  med.  Woch..  September  26.  1905;  CentrW.  f.  Physitdosy.  1905. 
six,  70.  298. 

"  Ewart.  ProKressive  Medicine,  September,  1906. 
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which  occurs  in  Adams-Stokes  disease  has  been  furnished  by 
Gibson,^^  who  has  studied  the  electromotive  changes  in  a  case  of 
heart-block  by  means  of  Waller's  apparatus.  By  this  method  the 
electric  variations  are  indicated  by  means  of  a  Lippmann  capillary 
electrometer.  "  I^eading  off  from  the  basal  region  of  the  precordium 
to  the  acid,  and  from  the  apical  region  to  the  mercury,  the  usual 
diphasic  movements  of  he  capillary  coKimn  were  clearly  seen  pre- 
ceding the  apex-beat,  and  evidently  resulting  from  the  ventricular 
systole.  But  in  the  interval  between  these  waves  other  smaller 
waves  were  distinctly  seen,  and  can  be  attributed  only  to  the  systole 
of  the  auricle." 

The  electromotive  changes  have  also  been  most  carefully  studied 
by  Einthoven,^^  on  a  still  more  elaborate  scale.  Curiously  enough 
the  recording  instrument  was  placed  in  the  physiological  laboratory 
while  the  patient  remained  in  the  hospital.  The  pulsations  were 
transmitted  by  means  of  wires.  "He  employed  a  specially  arranged 
galvanometer,  the  movements  of  which  were  recorded  on  a  travel- 
ling photographic  plate,  on  which  two  ordinates  and  abscissae,  rep- 
resenting electric  potential  and  fractions  of  a  second  respectively, 
were  simultaneously  recorded."  In  making  tracings  for  a  case  of 
heart-block  he  was  able  to  demonstrate  complete  dissociation  of  the 
auricular  and  ventricular  oscillations.  This  method,  while  obviously 
impractical  in  a  clinical  study  of  cases,  owing  to  the  fact  that 
in  addition  to  a  complicated  apparatus  trained  observers  with  a 
special  knowledge  of  physics,  are  necessitated,  nevertheless  presents 
very  accurate  and  interesting  corroboration  of  other  recent  inves- 
tigation. 

Symptoms.  The  cardinal  symptoms  of  Adams-Stokes  disease 
consist  of  (1)  bradycardia,  (2)  cerebral  attacks,  and  (3)  pulsation 
of  the  cerv'ical  veins,  exceeding  in  rate  the  arterial  pulsation. 

The  Pulse.  In  most  cases  the  pulse  is  habitually  slow,  sometimes 
reaching  30  or  20  beats  per  minute.  Often  the  rate  bears  a  definite 
relation  to  that  which  was  normal  for  the  individual  in  question. 
Thus,  it  may  be  one-half  or  one-quarter  as  fast.  This  is  due  to 
the  fact  that  only  every  other  or  every  second  stimulus  is  able  to 
cross  the  bundle  of  His.  The  arterial  pulse  is  generally  regular  in 
rhythm,  although  arrhythmia  is  not  uncommon.  During  the  acute 
attacks  the  ventricular  contractions  may  fall  as  low  as  10,  8,  or 
even  3  beats  per  minute.  Kidd^  and  Laslett^'  found  a  condition 
of  asystole  lasting  sixty  and  ninety  seconds  respectively.  In 
Stengel's  case  an  interval  of  two  minutes  and  ten  seconds  was 
noted.  If  the  heart  is  auscultated  during  these  periods  one  may 
hear  feeble  and  muffled  contractions.     These  have  given  rise  on 

22  Brit.  Med.  Jour.,  1906,  ii,  22. 

2*  Arch,  neerl.  d.  sc.  exactes,  Harlem,  1906,  ser.  2,  tome  xi. 

2*  Lancet,  February  13,  1904. 

25  Lancet,  June  4,  1904. 


ASnrON,   NORRIS,   lavenson:  AOAMS-STOKES  DIRRASK  T) 

(he  part  of  some  authors  to  the  l)elief  that  the  sounds  are  clue  to 
al)ortive  sj'stoles,  too  weak  to  make  themselves  felt  at  the  wrist. 
The  mast  generally  accepted  opinion,  however,  is  that  they  are  due 
to  contraction  of  the  auricles,  a  condition  which,  as  Gibson  and 
Mallet"  have  long  since  shown,  does  produce  a  definite  sound. 
When  simultaneous  tracings  of  the  arterial  and  the  venous  pulses 
have  lieen  made  it  has  nearly  always  Ijeen  possible  to  prove  defi- 
nitely the  etiological  agency  of  the  auricle.  At  times  it  is  also 
possible  to  see  that  the  jugidar  pulsation  in  the  neck  is  s}Tichronous 
with  the  doubtful  sounds.  Ma}-nanl's"  contention,  basetl  upon  two 
cases  with  radial  tracings  only,  that  the  accessor^'  heart  sounds 
were  due  to  hemisystole,  and  not  to  the  contraction  of  the  auricles, 
is  not  convincing. 

The  slow  pulse  in  Adams-Stokes  disease  is  due  to  depression  of 
conductivit}-  in  the  auriculoventricular  bundle.  The  auricles  con- 
tract more  or  less  normally,  but  the  ventricle  only  responds  to  every 
other,  everj'  second,  or  ever}-  third  stimulus.  Just  upon  what  the 
exacerbations  of  bradycardia  depend  still  is  uncertain. 

Norfleet'*  has  reported  a  case  of  Adams-Stokes  disease  occurring 
in  a  man  of  sixt}'-nine  years,  who  for  over  a  year  had  a  pulse-rate  of 
45  or  less  per  minute.  With  exacerbations  of  the  bradycardia  there 
were  convulsive  movements.  During  these  attacks  the  pulse-rate 
sometimes  remained  as  low  as  8  or  9  per  minute  for  periods  of 
twenty-four  hours. 

The  cerebral  symptoms  consist  of  attacks  of  weakness,  vertigo, 
unconsciousness,  occasionally  convulsive  seizures,  and  at  times 
Che\Tie-Stokes  respiration.  The  patient  may  have  an  uneasy  feel- 
ing about  the  heart,  becomes  pale  and  promptly  falls  unconscious, 
being  practically  pulseless  at  the  wrist,  and  soon  breaks  out  n  a 
clammy  sweat,  consciousness  returning  gradually.  The  atacks 
may  last  from  a  few  seconds  to  several  minutes,  they  may  be  repeated 
at  varying  intervals  and  anyone  of  them  may  end  fatally.  Upon 
returning  to  consciousness  the  patient  often  states  that  he  had  a 
nightmare — thought  he  was  dying. 

Occasionally  attacks  like  those  just  described  alternate  with  simple 
vertigo,  but  some  cases  present  certain  features  which  closely  re- 
semble apoplexy,  the  patient  falling  rapidly  into  a  deep  coma,  with 
flushed  face  and  stertorous  breathing.  In  one  of  Osier's^  cases 
there  was  transient  motor  aphasia.  Actual  convulsions,  as  happened 
in  our  case,  may  also  occur.  When  present  they  are  mainly  limited 
to  the  face  and  hands,  although  general  epileptiform  attacks  are  not 
unknown. 

In  some  cases  the  initial  pallor  of  the  face  may  be  replaced  by 

*  Jour.  Anat.  and  Physiol.,  1879,  xiv,  4. 
"  Brit.  Med.  Jour.,  1905.  ii,  847. 
*■  Medical  Record.  November  21.  1903. 
?*  Ltuicet.  1903,  ii.  516. 
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congestion.  In  our  case  this  was  a  very  noticeable  fea'ure.  A 
sensation  of  blood  rushing  to  the  head  was  a  marked  symptom  in 
I^euchtweis'  case.  The  convulsive  attacks  occurring  in  Adams- 
Stokes  disease  are  probably  the  result  of  cerebral  anemia.  They 
are  apparently  similar  to  those  produced  experimentalsy  in  animals 
by  severe  hemorrhage.  The  apoplectiform  symptoms  may  reason- 
ably be  assumed  to  be  due  to  venous  congestion  of  the  brain,  a  con- 
dition which  has  long  been  known  clinically  to  be  associated  with 
bradypnoea,  paresis  of  the  glottis,  and  spasmodic  conditions. 

The  belief  held  by  Tripier^"  that  the  convulsive  attacks  preceded 
and  were  the  cause  of  the  bradycardia  has  been  definitely  disproved 
by  Webster's^*  tracings. 

Some  cases  exhibited  features  common  to  other  cardiac  disorders, 
such  as  nocturnal  asthma,  precordial  oppression,  pallor,  sudation, 
and  dyspnoea. 

The  case  that  we  report  herewith  is  of  very  considerable 
interest:  It  presented  all  the  cardinal  symptoms  of  Adams-S  okes 
disease;  sphygmographic  tracings  taken  coincidently  from  the 
jugular  vein,  the  radial  pulse,  and  the  apex  beat  showed  the  inco- 
ordination of  the  auricles  and  ventricles,  the  former  contrac'ing 
more  often  than  the  latter;  and  at  autopsy  a  growth  was  found 
involving  the  auriculoventricular  bundle,  which  on  microscopic 
examination  proved  to  be  a  gumma. 

According  to  His,  Jr.,^^  dissociation  of  the  auricles  and  ventricles 
might  be  brought  about  by  any  one  of  three  conditions:  (1)  Degen- 
eration of  the  myocardium  of  sufficient  extent  to  interfere  with 
conductivity;  (2)  dromotropic  nerve  influences — inhibitory  impulses 
— conveyed  principally  through  the  agency  of  the  pneumogastric ; 
and  (3)  localized  disease  of  the  auriculoventricular  bundle.  As  the 
microscopic  examination  shows,  our  case  belonged  to  the  last  named 
category. 

E.  B.,  a  white,  male,  aged  thirty  years,  a  native  of  Ireland,  was 
admitted  to  the  Philadelphia  General  Hospital  May  20,  1906,  com- 
plaining of  vertigo  and  syncopal  attacks. 

Family  History.  Father  died  from  accident;  mother  from  senility, 
aged  ninety  years.  Mother  had  seven  children;  with  the  exception 
of  one  who  died  of  pertussis  at  four  years,  all  are  living  and  well. 

Personal  History.  Previous  illnesses :  Pertussis,  mumps,  scarla- 
tina, and  diphtheria  in  childhood.  Typhoid  fever  in  1895,  lasting 
two  months  (including  a  relapse).  Ever  since  then  he  has  had  a 
trifling  but  persistent  cough.  The  patient  was  brought  up  in  the 
country  until  he  was  fourteen  years  of  age,  at  which  time  he  secured 
employment  in  a  hardware  store.  At  eighteen  years  he  enlisted  for 
three  years  in  the  British  Army.     Afterward  he  spent  eleven  years 

30  Rev.  d.  Med.,  1883,  p.  1001. 

«  Glasgow  Hosp.  Reps.,  1901,  p.  413. 

32  Deut.  Arch.  f.  klin.  Med.,  Ixiv,  p.  316.  ,    .    _       \- 
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frec|uently  chanfjin*?  his  occupation,  having  for  a  time  l)een  a  bar- 
keeper. He  then  apiin  enlisted,  sening  in  Cairo,  India,  ancl  seeing 
actual  service  in  the  Boer  war.  During  the  last  iwo  years  he  has 
been  a  waiter.  He  has  indulged  in  occasional  alcoholic  intoxication, 
but  this  was  exceptional;  he  has  used  tobacco  to  excess.  In  1893, 
he  contracted  a  "chancroicl"  of  the  penis,  which  appeared  eight 
days  after  intercourse,  and  lasted  eleven  days.  He  received  oidy 
local  treatment.  The  sores  were  multiple,  he  never  develope<l  any 
rash  or  constitutional  symptoms.  He  has  been  married  two  years. 
His  wife  has  l>ome  two  healthy  children,  and  has  never  had  any 
miscarriages.  He  has  never  had  any  gastrointestinal,  or  renal 
sj'mptoms. 

Present  illness  began  on  May  IG,  four  days  before  admission,  when 
while  riding  in  an  electric  car  asleep,  he  had  an  attack  of  syncope. 
He  woke  to  consciousness  to  find  the  other  passengers  looking  over 
him.  During  the  attack  he  had  fallen  from  his  seat.  He  describes 
the  onset  of  the  attack  as  beginning  with  the  sensation  that  blood 
was  rushing  to  his  head,  associated  with  some  vertigo  which 
increased.  This  phase  of  the  attack  was  verj'  brief,  and  he  was 
unable  to  state  whether  objects  seemed  to  whirl  alx>ut  him,  or  he 
about  them.  He  had  two  similar  attacks  subsequently  on  the  same 
day,  and  on  the  following  day  two  or  three  more.  He  had  three 
attacks  on  the  18th,  and  on  the  19th  had  an  attack  about  1  a.m., 
while  in  bed,  after  a  hard  day's  work.  On  the  day  of  admission 
he  had  attacks  every  ten  or  twenty  minutes  throughout  the  day. 

Physical  Examination.  The  patient  is  well-developed  and  nour- 
ished. The  pupils  are  equal,  and  react  promptly  to  light  and 
distance.  The  ocular  movements  are  normal;  the  tongue  is 
fairly  clean.  The  chest  is  well-formed;  the  expansion  equal  and 
of  normal  extent.  The  lungs  are  resonant  and  clear  throughout. 
The  extremities  are  negative  except  for  decided  do\s'nward  curva- 
tion  of  the  finger-nails,  and  a  scar  on  the  right  knee,  resulting 
from  a  former  bullet  wound. 

In  the  recumbent  'posture  the  cardiac  dulness  extends  from  the 
right  sternal  border,  and  the  upper  border  of  the  third  rib,  to  the 
midclavicular  line.  The  apex-beat  is  fairly  diffuse,  and  is  visible 
and  palpable  in  the  fifth  interspace.  The  radial  pulses  are  equal 
and  synchronous.  The  blood  pressure  is  low — systolic  117  mm. 
Hg.  (Stanton),  diastolic  85  mm.  There  is  marked  pulsation  of 
the  veins  of  the  neck,  the  rate  being  about  three  times  as  rapid  as 
that  of  the  radial  pulse.  This  pulsation  is  direct  (not  transmitted 
from  the  carotid)  and  is  slightly  arrhythmic.  The  first  sound  at 
the  apex  is  feeble,  and  it  is  followed  after  a  fraction  of  a  second  by 
a  second  sound,  apparently  muscular  in  character,  which  can  be 
clearly  differentiated  from  the  normal  second  sound  of  the  heart, 
which  follows  it,  and  may  be  heard  over  the  entire  precordium. 
There  is  a  systolic  murmur  at  the  apex,  which  is  transmitted  toward 
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the  axilla,  but  not  to  the  angle  of  the  scapula.  The  ventricular 
beats  are  all  felt  at  the  wrist.     The  pulse  rate  is  48. 

In  the  sitting  posture  the  heart  sounds  become  louder,  the  systolic 
murmur  is  more  intense,  and  the  irregularity  more  marked.  The 
radial  pulse-rate  is  unaffected  by  the  change  in  posture,  still  remain- 
ing 48.     The  liver  can  be  palpated  at  the  level  of  the  umbilicus. 

May  24.  The  patient  has  had  three  attacks  since  admission,  until 
today,  when  they  have  become  more  frequent,  occurring  about 
once  every  half  to  three-quarters  of  an  hour.  The  attacks  begin 
with  a  sense  of  fulness  of  the  head,  vertigo,  and  end  in  syncope; 
and  last  altogether  about  five  seconds.  In  one  attack  he  had  twitch- 
ing of  the  facial  muscles. 

May  23.  Ocular  examination,  by  Dr.  Hansell.  There  is  a  most 
unusual  condition  of  the  vessels  of  the  right  disk.  The  artery' 
superficial  to  the  vein  is  distended  in  an  angular  shape,  and  com- 
municates with  the  large  underlying  vein  by  a  broad  channel — 
arteriovenous  aneurysm.  The  arteries  beyond  the  disk  contain 
venous  blood.  The  left  fundus  is  healthy,  but  darker  than  normal, 
owing  to  the  number  and  tortuosity  of  the  veins. 

May  28.  Nasal  examination  by  Dr.  Roberts  discloses  a  deviation 
of  the  septum  toward  the  left,  both  bony  and  cartilaginous.  Except 
for  pallor  of  the  mucous  membrane  there  is  no  other  abnormality. 
The  pharyngeal  mucous  membrane  is  somewhat  glazed  and  slightly 
congested. 

The  larynx  and  vocal  cords  are  normal. 

Urine.  1020,  alkaline,  no  albumin,  no  glucose;  triple  phosphates 
and  amorphous  urates. 

Blood.  Hemoglobin,  80  per  cent.;  erythrocytes,  3,136,000;  leuko- 
cytes, 7800;  polymorphonuclear  cells,  77  per  cent.;  lymphocytes,  23 
per  cent. 

May  25.  Nurse's  Report.  During  the  attacks  the  patient  becomes 
weak;  objects  seem  to  move  around;  failure  of  eyesight  for  two  or 
three  minutes;  the  face  becomes  red,  and  the  breathing  increases 
in  rapidity  for  a  few  seconds.  He  has  had  two  such  attacks  within 
an  hour.  They  usually  come  on  after  some  unusual  occurrence  in 
the  ward. 

3.30  P.M.  Another  attack;  feels  flash  of  heat  over  body;  head  is 
light;  eyes  heavy;  the  radial  pulse  drops  several  beats.  4.30  p.m. 
Slight  convulsive  spell;  twitching  of  hands — head  thrown  back — 
duration  one  minute. 

June  3.  Patient  is  out  of  bed  and  about  the  ward.  Complains 
of  weakness.     No  attack  for  five  days. 

June  7.  Two  attacks  yesterday.  During  attacks  pulse  feeble 
and  irregular,  On  auscultation  heart  sounds  are  fainter.  The 
respiratory  sounds  increase  in  depth,  rate  and  intensity.  Face 
flushed — twitching  of  hands.  Some  attacks  are  preceded  by  rolling 
of  the  eyes,  which  is  followed  by  a  tremor  of  the  body  and  hands, 
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the  latter  quite  forcibly  at  the  onset.  Attacks  soinetiines  last  only 
from  seven  to  ten  seconds. 

June  S.  Has  had  a  series  of  attacks.  Extremities  cold,  com- 
plains of  it;  cyanosis;  pulse-rate  generally  al)Out  eighteen  per  minute, 
increasing  at  frequent  intenals  to  thirty.  After  one  such  accel- 
eration the  heart  stopped  for  fifteen  seconds.  Twitching  hands 
and  staring  eyes.  Patient  consideretl  the  last  a  slight  attack.  Has 
had  frequent  attacks  during  the  last  twenty-four  hours.  Vomits 
a  good  deal,  is  very  weak. 

June  9.  Has  vomited  everything  put  in  his  stomach  since  yester- 
day. Attacks  numerous;  asthenia  marked!  Toward  evening  he 
became  able  to  retain  peptonized  milk,  and  finally  had  a  restful 
night  without  seizures. 

June  10.  Continued  improvement;  no  more  attacks;  stomach 
retentive;  appears  stronger.  At  night  an  attack  seemingly  like  the 
rest  proved  fatal.  The  patient  a  few  minutes  before  death  had  been 
resting  quietly. 

During  his  stay  in  the  hospital  the  patient  received  in  addition  to 
certain  drugs  administered  for  their  effect  upon  the  gastrointestinal 
tract,  strvchnine,  nitroglycerin,  and  sodium  iodide.  None  of  these 
had  any  effect  upon  the  cardiac  condition.  The  pulse-rate  remained 
unchanged;  the  attacks  were  neither  retarded  nor  abated.  It  is 
hardly  likely  that  the  iodide  would  have  been  beneficial  even  if 
the  patient  had  lived  longer,  for  as  the  subsequent  microscopic 
examination  of  His'  bundle  showed,  there  was  very  great  destruc- 
tion of  tissue. 

The  accompanying  tracings  (Figs.  1,  2,  and  3),  taken  a  few  days 
after  the  patient's  admission,  show  very  distinctly  that  the  brady- 
cardia was  due  to  a  disturbance  of  conductivity.  The  tracing  from 
the  jugular  vein  proves  not  only  a  diminution  in  the  function  of 
conductivity  as  evidenced  by  the  lengthening  of  the  A-C  inter\'al — 
the  length  of  time  required  for  the  stimulus  to  p^ss  from  the  right 
auricle  to  the  left  ventricle,  but  also  the  fact  that  many  of  the  auricu- 
lar contractions  evoked  no  response  whatever  on  the  part  of  the 
ventricle.  In  other  words,  we  have  to  deal  w^ith  a  condition  of 
complete  "heart-block,"  or  what  is  a  better  term,  auriculoventricu- 
lar  dissociation.  It  is  also  to  be  noted  that  the  frequency  of  the 
auricular  contractions  was  markedly  increased  by  the  forced  inspira- 
tion which  occurred  during  the  later  part  of  the  tracing,  whereas 
the  ventricular  wave  underwent  no  corresponding  change.  This 
is,  of  course,  further  evidence  of  disturbed  conductivity'.  In  the 
cases  reported  by  Stengel,  Dock,"  and  Finkelburg,"  the  adminis- 
tration of  atropine  had  no  effect  whatever  upon  the  rate  of  the  ven- 
tricular contractions.  This  is  due  to  the  fact  that  atropine  in  man, 
as  in  animals,  exerts  its  influence  upon  the  heart  through  depression 

*>  Med.  News.  Aug.  19.  1905.  *•  Deut.  .\rch.  f.  klin.  Med.,  April  6.  1905. 
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of  the  pneumogastric,  which  affects  the  auricles  directly,  whereas 
the  ventricles,  if  the  contraction  stimulus  cannot  pass  through  the 
bundle  of  His,  are  uninfluenced  by  it.  In  Schmoll's^^  case  the 
administration  of  atropine  reduced  the  auricular  cycle  from  twelve- 
tenths  to  eight  and  one-half  tenths  of  a  second,  while  the  ventric- 
ular time  underwent  no  change. 

APEX 

AURICULAR  CYCLE 


JUGULAR  VENTRICULAR  CYCLE 


.^■K  K^   K.   /-^   N^   K.  K.   f^ 


Fig.  1 


9.         9.  8.5  9.  9.        8.5      8.5        8. 


Fig.  2 


'  Fig.  3 

Cardiosphygmographic  tracings.  In  Fig.  1,  during  the  last  two  ventricular  contractions 
the  speed  of  the  cardiosphygmograph  was  increased  about  fourfold.  The  duration  of  the 
auricular  cycle  varied  from  four-tenths  to  twelve-tenths  of  a  second,  that  of  the  ventricular 
cycle  from  seventeen-tenths  to  eighteen-tenths  of  a  second.  A,  auricular  systole;  C, 
ventricular  systole.     The  time  marked  records  one-fifth  second. 

The  fact  that  the  ventricles  were  not  affected  by  vagus  influence 
was  shown  by  the  fact  that  change  of  posture  on  the  part  of  the 
patient — from  the  recumbent  to  the  sitting,  and  from  the  latter  to 
the  standing  position — had  no  influence  whatever  upon  the  frequency 
of  the  radial  pulse.  A  further  study  of  the  tracing  shows  that  the 
failure  of  the  ventricle  to  respond  to  the  auricular  contraction  was 
not  due  to  any  loss  of  power  on  the  part  of  the  ventricle.  The 
elevations  in  the  systolic  phase  of  the  radial  tracings  are  large, 
powerful,  regular  in  strength,  and  the  blood-pressure  is  normally 

^  Jour.  Amer.  Med.  Assoc,  1G06,  xlvi.  301. 
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sustained.  This  has  also  been  substantiated  by  the  microscopic 
examination  of  the  ventricular  muscle.  The  sphygmogram  also 
demonstrates  the  fact  that  the  accessor}-  heart  sounds  heard  over 
the  precordium  between  the  radial  pulses  must  have  been  auricular 
in  origin,  and  were  not  due  to  abortive  ventricular  systoles,  since 
the  radial  pulse  follows  regularly  each  ventricular  contraction,  as 
is  shown  by  the  apical  tracing. 

It  will  be  noted  that  the  ventricular  cycle  required  about  nine-fifths 
of  a  second;  the  auricular  cj'cle  only  from  three-fifths  to  six-fifths. 
The  tracing  also  shows  that  there  is  no  definite  relation  between 
the  auricular  and  the  ventricular  contractions.  If  we  were  simply 
dealing  with  a  condition  of  depressed  conductivity  we  should  find 
the  A-C  inter\al  either  constant  in  time  or  increasing  in  length. 
This  is  not  the  case;  the  A-C  interval  at  the  beginning  of  the  tracing 
steadily  decreases  in  time  until  the  auricle  overtakes  the  ventricle — 
indicating  complete  block.  In  the  latter  half  of  the  sphygmogram 
the  deep  forced  inspiration — between  the  pointers — produced  a 
marked  acceleration  of  the  auricular  contractions,  while  the  ven- 
tricular rate  undenvent  practically  no  change. 

Additional  evidence  as  to  the  accuracy  of  the  interpretations  of 
the  various  phases  of  the  jugular  pulse  in  cases  of  Adams-Stokes 
disease  has  been  furnished  by  a  number  of  obser\^ers.  Ritchie,'* 
Gibson,  Finny ,'^  Villaret,  and  BrouardeP  examined  their  cases  by 
means  of  the  fluoroscope  and  were  able  to  demonstrate  auriculo- 
ventricular  inco-ordination. 

Autopsy.  The  body  is  that  of  a  moderately  well-nourished  adult 
male;  weight,  approximately  154  pounds.  Rigor  mortis  is  marked; 
cadaveric  lividity  slight.  Panniculus  adiposus  is  moderate.  The 
muscles  are  of  good  volume,  bright  red  in  color. 

The  peritoneum  contains  a  small  amount  of  translucent  straw- 
colored  fluid.  The  abdominal  organs  are  normal  in  position  and 
relations.  The  spleen  weighs  320  grams,  and  measures  15  x  10  x  6 
cm.  The  consistency  is  fairly  firm;  the  cut  surface  dark  red  in 
color,  and  bulges  slightly;  the  follicles  are  prominent  and  well- 
defined;  the  trabeculae  are  moderately  prominent.  The  liver 
weighs  2050  grams;  and  measures  28x23  cm.  The  surface  is 
smooth,  dark  reddish-brown  in  color  with  lighter  mottlings.  It 
cuts  with  slightly  increased  resistance;  the  cut  surface  shows  normal 
liver  markings.  In  the  posterior  portion  of  the  right  lobe  is  a  spheri- 
cal nodule  1  cm.  in  diameter,  dark  bluish-gray  in  color,  of  a  spongy 
consistency.  The  pancreas  presents  no  pathological  features.  The 
stomach  and  intestines  aside  from  vascular  injection  present  no  unu- 
sual features.  The  suprarenals  are  somewhat  smaller  than  normal ; 
the  cortex  brownish-yellow.     The  left  kidney  weighs  190  grams, 

«  Proc.  Royal  Soc.  Edin..  1905,  xxv.  1085. 

w  Brit.  Med.  Jour.,  1906,  ii.  967. 

»»  Arch.  d.  M^d-  Exper.,  1900,  xviii,  230. 
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is  firmer  than  normal,  cuts  with  ordinary  resistance,  its  surface  does 
not  bulge,  and  the  capsule  strips  readily.  The  cortex  and  medulla 
preserve  their  normal  relation  in  width  and  are  well  differentiated. 
Pyramids  are  dark  reddish-purple  and  streaked,  the  cortex  con- 
siderably lighter,  showing  normal  markings.  The  right  kidney  weighs 
250  grams  and  presents  the  same  characteristics  as  the  left.  The 
ureters  show  no  abnormalities.  The  bladder  contains  a  small  amount 
of  turbid,  yellowish  urine.  The  walls  are  of  normal  thickness; 
mucous  membrane  deeply  injected.  The  le^  pleural  cavity  con- 
tains 300  c.c.  of  translucent  straw-colored  fluid.  At  the  base  are 
a  few  firm,  fibrous  adhesions.  The  right  pleural  cavity  contains 
100  c.c.  of  fluid  of  the  same  character  as  the  left.  The  opposed  sur- 
faces of  both  pleural  cavities,  not  involved  in  adhesions,  are  smooth 
and  glistening.  The  lejt  lung  weighs  690  grams,  and  crepitates 
throughout.  On  section  the  lung  is  light  pinkish-gray  in  color. 
On  pressure  a  considerable  amount  of  slightly  blood-tinged,  frothy 
fluid  is  exuded.  The  right  lung  weighs  490  grams  and  presents 
the  same  features  as  the  left.  The  'pericardium  contains  about 
20  c.c.  of  translucent  straw-colored  fluid.  The  opposed  surfaces 
are  smooth  and  glistening. 

The  heart  weighs  510  grams.  Both  ventricles  and  the  right 
auricle  contain  a  small  amount  of  cnior  and  chicken-fat  clot  lightly 
adherent  to  the  wall.  The  wall  is  somewhat  thinner  than  normal. 
The  right  auriculoventricular  orifice  admits  four  fingers  with  ease. 
The  tricuspid  leaflets  present  no  pathological  features.  A  small 
amount  of  cruor  clot  is  adherent  to  the  wall  of  the  right  ventricle. 
The  right  ventricular  wall  measures  4  mm.  in  thickness.  The 
papillary  muscles  are  of  fair  size.  The  cavity  of  the  left  auricle  is 
apparently  not  enlarged.  The  wall  is  of  normal  thickness.  The 
left  auricidoventricular  orifice  admits  two  fingers  with  comparative 
ease.  The  mitral  leaflets  show  some  fibrous  nodular  thickening 
along  the  line  of  closure.  The  leaflets  are  not  distorted.  The 
endocardium  and  myocardium  of  the  left  ventricle  present,  instead 
of  their  normal  appearance,  the  following  characteristics :  excepting 
in  the  posterior  portion,  from  the  insertion  of  the  mitral  leaflets  to 
the  apex,  there  is  a  mass  protruding  approximately  4  mm.  above 
the  surface  of  the  normal  endocardium,  considerably  firmer  in  con- 
sistency than  the  cardiac  muscle.  The  involvement  of  the  left 
ventricle  in  this  mass  can  be  seen  in  Fig.  4,  the  area  through  which 
the  incision  (A-B)  runs  being  the  portion  of  the  interventricular 
septum  especially  affected,  and  C,  D,  and  E  the  papillary  muscles 
through  which  the  process  has  extended.  The  endocardium  in 
this  region  is  opaque,  grayish-yellow,  the  surface  somewhat  nodular. 
As  the  middle  portion  (A,  Fig.  4)  of  the  interventricular  septum 
is  incised,  is  seen  a  firm  mass,  extending  from  the  endocardium 
1.5  cm.  toward  the  right  ventricle,  and  containing  a  number  of  homo- 
geneous, yellowish,  structureless  areas,  varying  in  diameter  from 
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0.5  to  2  cm.,  and  surrounding  them  areas  of  a  grayish  translucent 
appearance.  As  the  up{>er  portion  (B,  P'ig.  4)  of  the  intenentricular 
septum  is  incised,  this  mass  is  seen  to  involve  practically  the  entire 
thickness  of  the  septum,  presenting  on  the  right  ventricular  surface 
of  the  septum  in  three  nothiles,  the  one  (A,  Fig.  5)  measuring  1.5  cm. 
by  1  cm.,  at  the  base  of  the  papillary-  muscle  of  the  middle  tricuspid 
leaflet;  the  second  (B,  Fig.  5),  somewhat  larger,  a  little  al>ove  this; 
and  the  third  (C,  Fig.  5)  at  the  base  of  the  posterior  tricuspid  leaflet. 


Fio.  4. — The  ca\nty  of  the  left  ventricle,  showing  the  gummatous  involvement  of  the  wall. 
A.  B,  incision  into  the  gummatous  mass,  involving  the  interventricular  septum;  C,  D,  E, 
papillary  muscles  to  which  the  process  has  extended;  F,  anterior  mitral  leaflet,  G,  small 
clot  adherent  to  the  ventricular  wall;  //,  aortic  leaflets. 

All  of  these  nodules  consist  of  a  central,  firm,  homogeneous,  yellowish 
mass,  surroundetl  by  dense,  grayish,  rather  translucent  tissue. 
Nowhere  within  this  mass  can  any  tissue  be  seen  of  the  macroscopic 
appearance  of  normal  cardiac  muscle.  At  the  borders,  the  demar- 
cation of  this  mass  from  the  cardiac  mu.scle  is  comparatively  sharp. 
Upon  the  j)osterior  superior  portion  of  the  endocartlium  of  the  left 
auricle  is  a  thin  grayish-re<l  clot,  measuring  2  by  1.5  cm.,  firmly 
adherent  to  the  endocardium  in  its  central  portion.     About'lhe 
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Fig.  5. — The  cavity  of  the  right  ventricle,  showing  the  extension  of  the  gummatous  infil- 
tration from  the  left  ventricle  completely  through  the  interventricular  septum.  A,  B,  C, 
gumma  presenting  on  the  right  ventricular  surface  of  the  interventricular  septum;  D, 
posterior  tricuspid  leaflet;  E,  middle  tricuspid  leaflet. 


Fig.  6.- Photograph  (slightly  enlarged)  of  Section  No.  1,  with  a  tracing,  showing  the 
course  of  the  bundle  of  His,  from  the  interauricular  septum  to  its  bifurcation.  ^,  the 
bifurcation  of  the  bundle  of  His;  B,  the  course  of  the  bundle;  C,  base  of  the  anterior  mitral 
leaflet;  D,  the  interauric\ilar  sept\im;   E,  middle  tricuspid  leaflet. 
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middle  of  the  endocardial  surface  of  the  left  ventricular  portion  of 
the  intenentricular  septum  is  a  similar  area  measuring  0.3  by  0.6 
cm.  ITie  endocardium  under  these  clots  is  rough  and  granular. 
The  left  ventricular  wall,  free  from  involvement  in  the  mass  above 
described,  is  1.2  cm.  in  thickness.  The  portions  involved  in  this 
mass  varj-  from  1.4  cm.  to  1.8  cm.  in  thickness.  ITiere  are  no 
signs  of  sclerosis  in  either  coronary  arteries  or  any  of  their  branches 
as  far  as  they  can  be  followed.  Slightly  above  the  aortic  leaflets 
are  a  few  small  yellowish  areas,  pin-head  in  size.  There  is  no 
sclerosis  and  no  plaque  formation. 

The  only  features  of  interest  in  the  histological  examination  of 
the  tissues,  excepting  those  of  the  heart,  are  a  moderate  d^ree  of 
chronic  passive  congestion  of  the  spleen,  liver,  kidneys,  pancreas, 
intestines,  stomach,  and  lung;  slight  oedema  of  the  lungs;  and 
moderate  atrophy  of  the  cortical  tissues  of  the  adrenals. 

Histological  examination  of  the  heart  (not  including  the  auricu- 
loventricular  bundle  of  His):  The  cardiac  muscle  not  involved 
in  the  growth  above  described  shows  only  a  moderate  amount  of 
fragmentation  with  slightly  decreased  prominence  of  the  transverse 
striations.  The  portions  particularly  involved  in  the  pathological 
process  present  somewhat  vaiying  pictures.  In  those  areas  where 
the  process  is  most  advanced  there  is  found  centrally  a  necrotic, 
homogeneous  mass,  staining  moderately  well  with  eosin,  and  con- 
taining, especially  toward  the  peripher}-,  some  nuclear  dust.  No- 
where within  this  area  is  any  cell  structure  preserxed.  Surrounding 
this  necrotic  area  is  a  zone  composed  primarily  of  l^Tnphocytes  with 
some  |>ol}'morphonuclear  leukocytes  and  plasma  cells,  and  a  con- 
siderable number  of  young  bloodvessels  with  walls  composed  of  a 
single  layer  of  endothelium.  Toward  the  peripher}-  numbers  of 
small  spindle-shaped  cells  appear  and  some  larger  epitheUoid  cells, 
while  hinphocytes  and  plasma  cells  are  still  present  in  small  numbers. 
Young  bloodvessels  become  much  more  numerous.  In  a  number 
of  areas  outside  of  this  zone  can  be  seen  one  composed  of  fibrous 
connective  tissue,  some  of  which  have  undergone  hyaline  degener- 
ation. In  none  of  these  areas  are  giant  cells  to  be  seen.  The 
cardiac  muscle  immediately  surrounding  these  areas  is,  in  most 
cases,  extensively  disintegrated  and  here  and  there  can  be  seen  a 
few  fibers  apparently  undei^ing  hyaline  degeneration.  The  areas 
in  which  the  process  has  not  proceeded  to  the  stage  above  described 
present  two  pictures.  In  some  of  them  there  is  merely  a  dense 
infiltration  of  hTnphoc}tes  and  polymorphonuclear  leukocjtes  with 
total  disappearance  of  the  normal  muscular  tissue;  in  others  the 
normal  tissue  is  moderately  well-preser\ed,  but  thoroughly  infil- 
trated with  lymphocytes,  young  connective-tissue  elements,^  and 
newly  formed  capillaries.  The  endocardium  of  the  portions  of  the 
heart  involved  in  this  process  is  greatly  thickened,  both  the  endo- 
thelium and  the  subendothelial  layer  participating  in  the  thickness, 
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which  is  due  to  a  proHferation  of  endothelial  and  connective-tissue 
elements  without  the  signs  of  an  acute  inflammatory  process.     The 


Fig. 


-Photomicrograph  of  the  bifurcation  of  the  bundle  of  His.     A,  undivided  portion; 
B,  the  branch  to  the  right  ventricle;  C,  the  branch  to  the  left  ventricle. 


Fig.  8. — Photomicrograph,  showing  an  area  of  round-cell  infiltration  in  the  bundle  of  His. 

pericardium  presents  no  pathological  features.  A  few  of  the  smaller 
bloodvessels  show  slight  endothelial  proliferation.  Aside  from  this, 
their  study  reveals  no  abnormalities. 
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Diagnosis.  Gumma  of  the  heart;  acute  vegetative  emlocaniitis; 
chronic  passive  congestion  of  the  spleen,  liver,  kidney,  intestines, 
stomach,  and  lungs;  opdeinn  of  the  liintr-*;  nntri«)TnM  of  \]w  liver; 
bihiteral  pleural  transudate. 

Histological  Examine  ion  of  the .  1  uriculovcntriciilar  B  umllc  of  His. 
For  histological  examination  of  the  auriculoventricular  hun«lle  of 
His,  a  section  of  the  heart  corresponding  to  the  following  boundaries 
was  excised:  Considering  the  heart  to  be  placed  vertically,  with 
the  ventricular  septum  anteroposteriorly,  the  anterior  Ixjundary 
correspondetl  to  the  middle  of  the  right  aortic  leaflet;  the  upper 
boundar)',  to  a  line  drawn  parallel  with  the  free  margin  of  the  aortic 
leaflets  8  mm.  below  the  uppermost  portion  of  their  attachment; 
the  lower  boundary,  to  a  line  drawn  parallel  to  the  upper  lioundarj' 
1.4  cm.  l>elow  the  lowest  point  of  insertion  of  the  posterior  aortic 
leaflet;  the  posterior  boundar}',  to  the  posterior  margin  of  the  inter- 
auricular  septum.  The  anterior  leaflet  of  the  mitral  valve  and  a 
portion  of  the  median  tricuspid  leaflet  were  then  cut  away  from  this 
block.  Serial  sections  in  a  plane  at  right  angles  to  the  long  axis 
of  the  heart  were  cut  from  this  block,  commencing  at  its  inferior 
surface.  The  sections  were  10  microns  in  thickness.  Each  sixth 
section  was  stained  with  hematoxylin-eosin ;  each  seventh  section 
with  hematoxylin-van  Gieson.  Subsequently  the  inter%ening  sec- 
tions of  the  first  one  hundred  and  fifty  were  also  stained  w^ith  hema- 
toxylin-eosin. 

As  the  histological  findings  involving  the  bundle  of  His  are  limited 
to  a  series  of  thirty-nine  consecutive  sections,  we  will  confine  our 
attention  to  them.  Numbering  the  uppermost  one  of  these,  that  is, 
the  one  nearest  the  auricles,^!,  the  numbers  will  increase  as  we 
approach  the  apex  of  the  heart.  Though  in  some  of  the  sections 
above  No.  1,  portions  of  the  bundle  are  visible,  it  is  here  that  it 
becomes  evident  throughout  its  course  from  the  auricular  septum 
to  its  bifurcation  into  a  right  and  a  left  branch.  The  macroscopic 
appearance  of  this  section  is  shown  in  Fig.  6,  in  which  the  course 
of  the  bundle,  just  visible  macroscopically  in  the  section,  is  shown 
running  in  a  curved  direction  from  slightly  above  the  auriculoventri- 
cular septum  toward  the  left  ventricular  surface  of  the  intenentricu- 
lar  septum,  then  just  beneath  the  endocardium  to  the  point  of 
bifurcation  A.  Fig.  7  shows  the  bifurcation  into  the  branch  for 
the  right  ventricle  and  the  branch  for  the  left  ventricle.  Though 
the  course  of  the  bundle  throughout  the  first  seventeen  sections  is 
easily  traceable,  it  is  microscopically  by  no  means  intact.  Es|>ecially 
throughout  the  undivided  portion  there  is  an  extensive  round-cell 
and  young  connective-tissue  infiltration.  Some  of  these  areas  are 
shown  in  Figs.  S  and  9.  As  Section  IS  is  reached,  a  much  more 
extensive  involvement  of  the  bundle  is  obser\*ed,  resulting  in  a 
complete  solution  of  its  continuity.  Here  the  gumma  shown  at 
G  in  Fig.  10,  which  is  a  reproduction  of  Section  18,  has  extended 
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sufficiently  to  involve  the  bundle  at  the  point  H,  Fig.  10,  resulting  in 
a  complete  disappearance  of  the  muscle  fibers  and  their  substitution 
by  the  infiltrating  tissue  of  the  gumma.  This  interruption  in  the 
continuity  of  the  auriculoventricular  bundle  is  shown  in  Fig.  11. 
Photomicrographs  of  the  terminations  of  the  two  fragments  are 
shown  in  Figs.  12  and  13.  Throughout  the  remaining  sections  in 
which  the  bundle  is  visible  this  interruption  persists.  Finally, 
arriving  at  a  level  below  that  of  the  undivided  portion  of  the 
bundle,  only  the  right  and  left  branches  c;in  be  seen,  the  left  lying 
just  beneath  and  parallel  to  the  endocardium  of  the  left  ventricle. 


Fig.  9.— Photomicrograph  showing  an  area  of  round-cell  and  spindle-cell  infiltration  in 
the  bundle  of  His,  just  as  it  emerges  from  the  interauricular  septum.  A ,  auriculoventricular 
septum;  B,  base  of  middle  tricuspid  leaflet;  C,  round-cell  and  spindle-cell  infiltration  in 
bundle  of  His. 

the  right  showing  as  a  small  bundle  cut  in  cross-section  lying 
nearer  and  nearer  to  the  right  ventricular  surface  of  the  septum, 
as  we  descend  toward  the  apex  of  the  heart. 

Though  numerous  theories  have  been  proposed  for  the  cause  of 
heart-block  in  the  human  being,  almost  all  have  been  without  patho- 
logical basis.  From  the  recent  work  in  the  physiology  and  anatomy 
of  the  heart,  we  now  have  every  reason  to  believe  that  a  definite 
anatomical  lesion    involving  the  bundle  of  His,  is  responsible  for 
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this  comlition  in  man.  On  account  of  the  ahsc-nce  of  examinations 
for  lesions  in  the  bundle  of  His  in  the  early  pathological  n*p^>rt.s  of 
cases  of  A<lams-Stokes  disease,  their  consideration  in  the  light  of 
our  present  knowletige  can  l^e  practically  ignored.  The  findings 
Iooke<i  ujwn  as  causal  in  these  cases  were  probably  purely  coinci- 
dental. 

A  numl)er  of  cases  have  l>een  recently  reported  with  more  or  less 
definite  pathological  lesions  involving  the  auriculoventricular  bundle, 
Stengel  has  reported  a  typical  case  in  which  there  were  macro- 
scopically  fibrous  and  calcareous  processes  at  the  base  of  the  anterior 
mitral  leaflet  involving  the  area  traversed  by  the  bundle  of  His. 
Schmoll's**  case  showed  scar  formation  in  and  around  the  bundle 


E  O 

Fig.  10.— Photograph  (slightly  enlarged)  of  Section  No.  18,  with  a  tracing,  showing  the 
location  of  the  interruption  in  the  bundle  of  His;  H,  location  of  the  interruption  in  the 
bundle  of  His;  G,  the  necrotic  center  of  the  gumma  destro>nng  the  bundle  at  the  point  //, 
C,  D,  E,  and  F,  as  in  Fig.  3. 


of  His  leading  to  atrophy  of  the  muscular  elements  of  the  bundle 
and  separation  of  its  fibers  from  the  ventricular  muscle.  Handford*" 
reports  a  case  in  which  the  autopsy  revealed  gummas,  involving  the 
auriculoventricular  septum.  He  does  not  report  the  histological 
examination  of  the  bundle  of  His  itself.  The  case  of  Jellick,  Cooper, 
and  Ophiils"  showed  anemic  necrosis  of  the  muscular  septum  in 
the  region  of  the  bundle  of  His  consequent  upon  recent  thrombosis 
of  its  nutrient  arteries.     The   autopsy  of  GriinbaumV   case  dis- 

»  Dent.  Arch.  f.  klin.  Med..  1906,  Ixxxvii,  p.  554. 

«  Brit.  Med.  Jour..  December  31,  1904. 

«  Jour.  Amer.  Med.  Assoc.,  1906,  xlvi,  v.  361. 

*  Quoted  by  Ewart,  Progressive  Medicine.  September,  1906.  p.  74. 
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closed  a  gumma  of  the  interventricular  septum.  Keith  and  Miller'''' 
report  a  case  which  was  apparently  one  of  Adams-Stokes  disease  in 
which  there  was  found  cicatrization  of  a  gummatous  mass  involving 
all  of  the  upper  portion  of  the  bundle  of  His  and  in  addition  gumma 
of  the  coronary  sinus,  obliteration  of  the  superior  vena  cava  and 
partial  occlusion  of  the  coronary  arteries.     Sendler*^  saw  a  case  in 


Fig.  11.— The  interruption  in  the  continuity  of  the  bundle  of  His.  The  two  fragments  of 
the  bundle  are  seen  entering  at  the  right  and  left  sides  of  the  illustration.  Between  their 
two  terminations  is  tne  infiltrating  tissue  of  the  gumma  shown  at  G,  in  Fig.  4.  Photo- 
micrographs of  the  terminations  of  the  two  fragments  are  shown  in  Figs.  12  and  13. 


Fios.  12  and  13.— Photomicrographs  of  the  terminations  of  the  two  fragments  of  the 
bundle  of  His,  as  shown  in  Fig.  11. 

which  a  cartilaginous  tumor  of  the  interventricular  septum  was 
found.  The  reports  of  most  of  these  cases  have  not  included 
the  histological  examination  essential  to  the  determination  of  the 
lesion  in  so  flelicate  a  structure  as  the  bundle  of  His. 


«  Lancet,  November  24,  1905. 

"  Cntrbl.  f.  klin.  Med.,  1892,  p.  642. 
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The  association  of  syphilb  and  Adams-Stokes  disease  appears  to 
have  been  a  jxxuliarly  frecjuent  one.  Aside  from  the  cases  of  Hand- 
fortl,  Keith  and  Miller,  and  Griinbaum,  quoteti  above,  Jacquet, 
Osier,  and  Erlanger  report  cases  in  which  there  was  clinical  evidence 
in  support  of  the  view  that  syphilLs  was  res|x>nsible  for  the  condition. 
Erlanger  and  Jaccjuet  mention  this  fretjuency  of  association,  but  the 
latter  apparently  assumes  some  obscure  relationship  between  the 
two  rather  than  the  actual  gummatous  involvement  of  the  bundle,  as 
occurred  in  our  case  and  apparently  also  in  some  of  the  earlier  cases 
reported. 

As  in  all  other  pathological  conditions,  the  prognosis  in  Adams- 
Stokes  disease  depends  upon  its  cause.  First  of  all,  we  must  clearly 
bear  in  mind  that  all  cases  of  marked  bradycardia  are  not  necessarily 
instances  of  Adams-Stokes  disease.  Bradycardia  may  result  from 
a  great  number  of  causes.  Thus,  it  may  occur  physiologically  from 
hunger,  fatigue,  pregnancy,  and  from  individual  or  family  idio- 
syncrasy. Clinically  it  is  met  with  during  the  convalescence  from 
infectious  diseases,  such  as  pneumonia,  typhoid  fever,  influenza, 
diphtheria,  erysipelas,  etc.  Riegel  has  noted  the  symptom  in  many 
cases  of  gastrointestinal  disturbance,  gastric  ulcer,  chronic  gastritis, 
carcinoma,  and  jaundice.  A  slow  pulse  may  also  be  encountered 
in  diseases  of  the  respiratory  tract,  notably  emphysema,  and  in 
disease  of  the  heart  or  bloodvessels — coronary  sclerosis,  myocar- 
ditis, atheroma  of  the  aorta,  and  embolism  of  the  coronary  artery. 
It  occurs  also  in  renal  disease — uremia,  hematuria.  Occasionally 
it  has  been  noted  in  diabetes,  chlorosis,  or  other  forms  of  anemia. 
Bradycardia  also  occurs  in  diseases  of  the  ner\^ous  system — epilepsy, 
apoplexy,  meningitis,  tumors  of  the  brain,  diseases  of  the  medulla, 
and  cer\ical  spinal  cord,  mania,  paresis,  and  melancholia.  It  has 
been  reported  in  diseases  of  the  genital  system,  and  of  the  skin. 
Finally  comes  the  important  toxic  group — tobacco,  coffee,  alcohol, 
lead  poisoning,  digitalis,  etc.*^  ** 

So  much  for  bradycardia  simplex.  In  order  to  make  a  diagnosis 
of  Adams-Stokes  disease  we  must  have  not  only  the  slow  pulse,  but 
also  the  increased  pulsation  of  the  veins,  and  the  ner\'ous  symptoms. 
It  seems  quite  reasonable  to  suppose  from  what  we  now  know  of 
the  pathology  of  the  bundle  of  His  that  minor  grades  of  auriculo- 
ventricular  dissociation  may  exist  for  years  without  giving  rise  to 
marked  symptoms.  In  other  words,  the  degenerative  changes  in 
the  bundle  are  so  slight  in  extent,  and  so  slow  in  progression,  that 
the  patient  dies  from  some  other  cause  before  the  typical  symptoms 
of  Adams-Stokes  disease  develop.  Doubtless  the  combined  studies 
of  the  arterial  and  venous  pulses  which  are  now  being  made  by 
different     observers  with    the   Jacquet    cardiosphygmograph,    the 

♦»  Grob.     Deut.  Arch.  f.  klin.  Med.,  xlii. 

•*  Babcock.     The  Heart  and  the  Arterial  System.  1003.  p.  624. 
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Mackenzie  polygraph,  or  other  instruments,  will  in  the  near  future 
throw  much  light  on  this  and  many  other  hitherto  obscure  cardio- 
vascular diseases. 

Since  it  has  already  been  shown  that  several  cases  of  Adams-Stokes 
disease  have  been  due  to  gummas  involving  the  bundle  of  His, 
heroic  doses  of  the  iodides,  if  resorted  to  at  a  sufficiently  early  stage, 
may  bring  about  a  cure.  This  has  apparently  been  accomplished 
in  one  case  reported  by  Jacquet  and  Erlanger.  In  cases  in  which 
the  lesions  are  sclerotic  or  necrotic  in  character  no  expectation  of 
recovery  can  be  entertained  and  they  oflfer  practically  no  hope  of 
other  than  a  fatal  issue. 

From  the  accumulated  evidence  of  those  cases  of  Adams-Stokes 
disease  in  which  satisfactory  tracings  have  been  made  it  seems  that 
the  cases  were  due  to  heart-block.  Now  the  question  arises.  May 
heart-block  exist  without  producing  the  symptoms  of  Adams-Stokes 
disease?  Belski  and  Mackenzie  have  reported  cases  of  auriculoven- 
tricular  dissociation  without  the  symptoms  of  Adams-Stokes  disease 
other  than  bradycardia.  It  follows,  therefore,  that  there  must  be 
another  factor  concerned  in  the  production  of  the  symptom-complex. 
In  all  probability  the  ventricular  asystole,  which  is  the  cause  of  the 
syncopal  attacks,  is  brought  about  by  the  sudden  occurrence  of 
complete  heart-block,  for  as  Erlanger  has  shown,  when  the  bundle 
of  His  is  suddenly  compressed,  ventricular  activity  is  in  abeyance 
for  a  considerable  time,  that  is,  for  the  time  required  by  this  structure 
to  inaugurate  its  own  rhythm.  This  explanation,  of  course,  is  appli- 
cable only  to  cases  of  partial  heart-block.  Cases  such  as  ours,  in  which 
the  block  is  complete,  cannot  be  accounted  for  in  this  way.  SchmoU 
has  suggested  that  in  the  latter  event  a  condition  of  ventricular 
depression  of  conductivity  exists,  analogous  to  that  which  is  present 
in  the  bundle  of  His,  while  the  stimulus  production  goes  on  normally. 
If  such  a  state  of  affairs  existed  we  should  expect  to  find  a  definite 
relationship  between  the  rate  of  the  ventricular  contractions  before 
and  after  the  block  took  place.  This  has  actually  been  noted  in  a 
few  cases.  Thus  in  His'  case  the  pulse-rate  fell  from  36  to  18,  and 
later  returned  to  36.  Once  more  it  fell  to  12,  and  subsequently 
rose  to  24,  indicating  that  the  original  rhythm  was  undisturbed,  but 
that  it  required  more  than  the  normal  number  of  stimuli  to  provoke 
a  response.  Similar  observations  have  been  made  by  Erlanger, 
Cornil,  and  Schmoll,  and  are,  of  course,  the  exact  reverse  of  those 
noted  by  Hoffman*^  in  cases  of  paroxysmal  tachycardia. 

In  conclusion,  we  desire  to  express  our  indebtedness  to  Mr.  E.  B. 
Krumbhaar,  a  student  in  the  University  of  Pennsylvania,  for  assist- 
ance in  the  histological  examination  of  the  heart. 

«  Ztsch.  f.  klin.  Med.,  vol.  xliii,  p.  206 
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In  1906  Dr.  Pepper  presented  before  the  Philadelphia 
Pathological  Society  certain  minute  ova  which  he  had  found 
in  February  and  March  of  the  same  year  in  the  fecal  material 
from  a  patient  in  the  Philadelphia  General  Hospital,  and  ten- 
tatively ascribed  them  to  Busk's  fluke,  basing  this  opinion 
upon  their  size  and  shape  and  upon  the  supposed  existence 
of  an  operculum  at  one  pole  of  the  eggs.  This  last  feature 
was  never  surely  determined,  although  the  appearance  was 
such  as  to  have  misled  several  observers  of  the  specimen  at 
the  time.  In  the  stool  there  also  existed  a  number  of  small 
arthropods  noted  by  several  persons;  but  these  were  not 
mentioned  in  the  communication  to  tlie  society,  because  their 
importance  in  relation  with  the  ova  in  question  was  not 
appreciatctl  and  they  were  supposed  to  be  merely  accidentally 


present.  The  patient  from  whom  the  material  was  obtained 
was  a  white  man,  aged  fifty-six  years,  a  plumber,  with  an 
indefinite  history  of  lead  poisoning  and  with  symptoms  re- 
garded as  rheumatic  in  origin.  In  the  blood  examination  a 
high  grade  of  eosinophilia  was  noted,  ranging  in  different 
observations  from  21  to  33  per  cent.;  and  muscle  tissue  was 
examined  to  determine  or  exclude  trichiniasis,  but  without 
discovery  of  trichinellae.  The  stools  were  examined  and 
showed,  along  with  ova  of  Trichuris  trichiuria,  the  eggs  and 
arthropods  above  mentioned.  Repeated  examinations  of  the 
urine  and  sputum  did  not  show  the  presence  of  any  parasites 
or  ova.  There  were  made  repeated  efforts  to  dislodge  the 
supposed  trematode  parasites  by  means  of  thymol  and  mag- 
nesium sulphate,  but  all  these  attempts  proved  futile.  The 
stools  were  carefully  searched  for  days  after  the  vermifuges 
were  given,  but  no  verminous  parasites  were  found.  In  the 
course  of  two  months  under  appropriate  treatment  his  rheu- 
matic symptoms  abated  and  he  left  the  institution;  at  the 
time  of  his  discharge  still  showing  the  peculiar  ova  in  the 
feces,  but  in  diminished  numbers  and  with  appearance  of 
degeneration  in  the  eggs  not  previously  noted.  In  1907  he 
was  readmitted  to  the  hospital,  and  for  several  months  mani- 
fested the  symptoms  of  a  very  severe  and  nearly  fatal  nephritis. 
During  this  second  sojourn  in  the  hospital  the  stools  were 
repeatedly  examined,  but  neither  ova  nor  arthropods  were 
found.  Subsequently  the  man  died  outside  the  hospital,  and 
as  far  as  is  known  no  autopsy  was  performed. 

Although  acting  upon  the  supposition  that  tlie  ova  in  ques- 
tion were  those  of  Busk's  fluke,  and  without  appreciation  at 
the  time  of  the  relations  between  them  and  the  acarians 
noticed  in  the  dejecta.  Dr.  Pepper  was  never  entirely  satis- 
fied of  the  verity  of  their  identification  as  the  eggs  of  a 
trematode  worm,  and  held  in  abeyance  final  publication  of 
the  case. 

In  August,  1906,  Dr.  F.  W.  Schnauss,  of  the  Georgia 
State  Department  of  Health  (at  the  time  located  at  Albany, 


tn<>i>;ia',  >riil  h>  1  >i .  >milli  a  >aiii})i(  of  frcal  liiatcriiil  coii- 
taiiiitig  in  large  mimhcrs  tertain  ova  which  lie  wa-s  iinaMe  to 
determine,  suspecting  their  identity  with  those  of  Ascarif 
iexana.  Smith  ami  (joeth.  In  the  lalwratorv  these  were  at 
once  recognized  as  the  same  eggs  as  those  in  Dr.  Pepper's 
case.  Dr.  Schnauss'  patient  was  a  white  woman,  aged 
forty  years,  who  had  for  a  number  of  months  been  losing 
flesh  and  strength  and  who  had  complained  of  obscure  at- 
tacks of  pain  every  few  weeks  in  the  left  hy|xx*hondriac 
region,  followed  each  time  by  a  severe  diarrhea  lasting 
several  days.  Her  physician  sus|>ected  the  existence  of 
tuberculosis,  which  was  not  verified  by  Dr.  Schnauss,  who 
was  summoned  in  consultation.  Suspecting  uncinariasis 
Dr.  Schnauss  made  an  examination  of  the  stools  and  found 
the  ova  mentioned  (and,  too,  the  arthropods,  although  again 
tlie  relation  was  not  at  once  reaUzed). 

It  should  be  recalled  that  bv  the  time  the  fecal  material 
had  arrived  from  Georgia  in  Philadelphia  several  days  had 
elapsed,  during  which  interval  chance  for  incubation  of  the 
ova  had  lieen  afforded;  and  further,  that  the  temperature  to 
which  they  were  subjected  in  August  was  probably  more 
favorable  for  development  than  in  the  winter  and  spring 
when  Dr.  Pepper's  case  was  under  observation.  At  any  rate 
in  Schnauss'  material  not  only  were  ova  met  identical  in 
appearance  and  size  with  those  in  Pepper's  material,  but  in 
addition  numerous  ova  were  encountered  with  partially  and 
completely  formed  lar\al  arthropods  within  the  shell;  and, 
too,  several  stages  of  extra-oval  growth  of  the  acarians  were 
to  be  seen  in  the  fecal  matter.  This,  of  course,  at  once  led 
to  a  realization  of  the  true  character  of  the  eggs  as  those  of 
an  acarian  and  to  the  correction  of  Dr.  Pepper's  assumption 
that  they  were  the  ova  of  a  fluke.  The  eggs,  as  originally 
seen  in  Dr.  Pepper's  specimens,  were  of  early  age,  without 
the  same  degree  of  embryonic  development.  They  ranged 
from  0.11  to  0.17  mm.  in  length  and  from  0.075  to  0.078  mm. 
in  transverse  diameter,  and  were  constantly  of  an  oval  shape. 


The  shell  was  thin,  hyaline,  and  transparent,  without  mark- 
ing; the  contents  light  yellowish  brown,  slightly  granular, 
usually  somewhat  impressed  on  one  side.  An  operculum 
could  not  be  clearly  demonstrated,  but  in  several  examples 
when  treated  with  sulphuric  acid  a  line  appeared  at  one  end 
in  the  region  where  one  would  expect  to  find  an  operculum. 
In  none,  however,  did  this  actually  open  or  separate  from 
the  rest  of  the  shell,  and  doubtless  it  was  entirely  an  arte- 
fact. Drawings  of  the  eggs  (Fig.  1)  before  and  after  the  addi- 
tion of  the  acid  were  made  by  camera  lucida,  but  a  photo- 
graph was  not  obtained  before  the  specimens  had  degener- 
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Fig.  1 


ated.  A  photograph,  however,  was  made  of  one  of  a 
number  of  eggs  which  had  been  in  a  centrifuge  tube  for  over 
a  month,  the  water  having  in  the  meantime  dried  up  and 
been  replenished  several  times  (Fig.  2).  The  resistance  of 
the  shell  may  be  appreciated  from  such  a  circumstance;  but 
the  interior  of  the  egg  had  shrunken,  become  almost  black 
and  opaque,  and  had  lost  all  of  its  original  appearance.  No 
records  or  drawings  had  been  made  of  the  arthropods  which 
were  seen  in  this  material,  because  they  were  not  at  the  time 
thought  to  have  any  connection  with  the  supposed  fluke  eggs. 
The  ova  met  in  the  material  from  Dr.  Schnauss'  case 
were  of  the  same  size,  shape,  and  general  appearance  as  the 


aliovc,  but  for  the  most  part  they  exhibited  furtlur  stages  of 
development  of  the  contents  (Fig.  3,  of  same  size  as  Fig.  1 , 
but  photographed  at  lower  power  of  amplification).  Some 
were  entirely  comparable  with  the  ova  in  Dr.  Pepper's  case, 
but  in  all  in  which  there  was  any  distinct  development  there 
was  noted  a  dark  and  relatively  opaque  area  in  the  material 
toward  one  end,  doubtless  of  the  nature  of  yolk  substance. 
The  same  appearance  in  the  jx)sterior  portion  of  the  distinct 
embryo  and  larva  is  to  be  referred  either  to  the  same  material 
or  more  probably  to  the  developing  intestine  and  hepatic 
structures.     Numerous  instances  of  intra-oval  larvae,  with 


Fig.  2 


considerable  development  of  the  limbs,  were  encountered;  an<l 
some  of  these  (Fig.  4,  same  amplification  as  Fig.  3)  had 
become  divested  of  the  proper  shell  of  the  ovum  and  were 
surrounded  only  by  the  intermediate  membrane.  A  fully 
formed  and  emerged  larva  is  shown  at  the  same  degree  of 
magnification  as  Figs.  3  and  4,  in  Fig.  5,  exhibiting  three 
pairs  of  legs.  A  fully  developed  ovigerous  female,  with  four 
pairs  of  legs,  measuring  0.250  mm.  in  length,  is  shown  in 
Fig.  6  (a  tracing  made  from  a  photomicrograph,  the  photo- 
graph being  rejected  for  publication  because  of  the  faintness 
with  which  the  limbs  of  the  one  side  of  the  body  were  seen 


because  of  the  difficulty  of  getting  tlie  thick-bodied  para- 
site generally  in  focus).  Comparison  of  this  illustration 
with  descriptions  available  make  the  writers  feel  satisfied 
that  the  acarian  is  some  form  of  rhizoglyphus,  the  short  legs 
terminated  each  with  a  claw  and  beset  with  sparse  simple 
hairs,  the  simple  body  hairs,  the  conical  head  with  pincer- 
like  mandibles  (chelicerse)  being  characteristics  of  this  genus 
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Figs.  3,  4,  and  5. 


of  tyroglyphidoe.  It  is  either  identical  or  more  probably  a 
closely  related  species  to  Rhizoglyphus  parasiticus,  Dal- 
getty. 

Mites  of  the  subfamily  tyroglyphidce  have  long  been  known 
as  occasional  and  transitory  parasites  of  vertebratae,  rarely 
of  man.  They  are  commonly  met  living  in  vegetables  and 
oleaginous  material,  and  in  some  way  are  transferred  with 
such  substances.     Thus  workers  in  raw  sugar  (or  sometimes 


in  rt'fined  sugar),  tliose  handling  grain  or  6our,  are'occasion- 
ally  afflicted  witli  a  dermal  inflammation  due  to  the  sugar 
mite  or  to  the  flour  iijite.  Among  grocers  the  affection  seen 
al)out  the  fingers  and  hands  is  known  as  "grocer's  itch." 
Much  the  same  effect  is  seen  in  those  who  handle  vanilla 
bean  from  the  mite  common  to  the  latter,'  Various  skin 
affections,  among  others  craw-craw,  have  been  suspected  of 
being  due  to  arthropods  of  this  general  type;  they  have  been 
met  upon  and  in  the  interior  of  the  horns  of  cattle,  and  in 
one  case  were  met  beneath  a  horny  growth  of  the  back  of  a 
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woman's  hand.'  The  mites  found  by  da  Silva  Aranjo'  in 
the  lymph  taken  from  an  elephantiasic  scrotum  and  by 
Magalhaes*  in  the  urine  of   a  case  of    hemetochvluria  are 


*  Railliet,  Traits  de  Zoologie,  MMicale  et  Agricole,  second  ed,,  Paris, 
1895,  p.  690. 

'  Moriggia,  Atti  dell'  Accad.  delle  Scienze  di  Torino,  1866,  i.  p.  449. 

*  Gazeta  medica  da  Bahia  1877,  ii.  No.  11  and  1878,  iii,  p.  1. 

*  Progresso  medico,  1877,  No.  4. 


believed  to  have  been  Tyroglyphus  siro.  Such  mites  are  prob- 
ably frequently  introduced  into  the  alimentary  canal  along 
with  vegetable  and  other  food  (notably  Cheese),  but  are  pretty 
surely  destroyed  long  before  their  passage,  and  there  is  no 
evidence  in  literature  that  they  reproduce  in  the  intestinal 
canal,  as  far  as  the  writers  have  found.  They  have  been 
found  in  the  vomit,  and  Burke'  has  found  what  are  believed 
to  be  Tyroglyphus  siro  in  the  nodules  of  the  buccal  mucous 
membrane  of  horses  in  pustular  stomatitis.  Linnaeus,^  prior 
to  1760,  gave  the  name  Acarus  dysenteries  to  a  mite  which 
Latreille  and  other  writers  after  him  regard  as  Tyroglyphus 
siro,  found  in  quantities  in  the  stools  of  one  of  his  students 
who  was  afftcted  with  a  serious  diarrhea;  the  same  mites 
were  also  found  in  large  numbers  in  and  upon  the  wood 
of  a  wooden  vase  from  which  exclusively  this  man  was 
accustomed  to  drink.  Lambl,^  in  1859,  met  what  is  supposed 
to  be  the  same  mite  in  fecal  material  in  the  Children's  Hos- 
pital in  Prague.  Pei-rier*  records  a  case  of  the  presence  of 
Glyciphagus  domesticus  (de  Geer)  in  the  feces. 

The  writers  have  not  met  any  recorded  instances  of  rhizo- 
glyphus  being  met  in  fecal  material.  Their  ordinary  habitat 
is  in  vegetable  material,  especially  in  various  bulbs.  Rhizo- 
glyphus  parasiticus,  Dalgetty,*  was  originally  observed  in 
lesions  of  the  skin  of  the  feet  in  Indian  coolies  working  in  tea 


'Veterinary  Journal,  1882,  p.  3;  ibid.,  1890,  p.  229;  The  Veteri- 
narian, 1886,  p.  692. 

^  The  writers  have  not  verified  this  reference,  which  is  given  in 
Blanchard's  and  Railliet's  medical  zoologies,  in  Hofle's  Chemie  u. 
Mikroskopie  am  Krankenbette,  Erlangen,  1848  (Anmerkungen,  p.  43), 
and  in  Braun's  Animal  Parasites  of  Man  (English  edition,  London, 
1906,  p.  376),  and  elsewhere.  Hofle  refers  to  Linnaeus,  Amoenit. 
Academ.:  De  Exanthem.  vivis,  1759,  vol.  v;  Blanchard  (Traite  de 
Zool.  Med.,  Paris,  1890,  vol.  ii,  p.  298)  to  J.  C.  Nyander,  Exanthe- 
mata viva:  Linnei  Amenitates  academicae,  v.  p.  92,  Dissertatio 
Ixxxii;  Erlangjp,  1757. 

'  Prager  Vierteljahresschrift  f.  d.  prakt.  Heilkund,  Ixi,  p.  1 ;  note, 
p.  45. 

♦  C.  R.  Acad.  Sci.,  Paris,  1896,  vol.  120,  p.  859. 

^  Jour.  Tropical  Medicine,  1901,  vol.  iv,  p.  73. 


plantations,  the  affection  l)oginninpj  with  blisters  between  the 
toes  and  spreading  over  the  feet,  lint  not  extending  beyond. 
They  are  grayisli  in  color,  taking  on  a  greenish-yellow  or 
greenish-brown  hue  with  the  food  In  the  alimentary  canal. 
The  adult  males  measure  0.18  mm.  in  length,  the  females  0.2 
mm.  It  seems  unlikely  that  the  specimens  in  the  two 
instances  here  recorded  are  identical  with  this  species,  as  the 
adults  are  materially  larger  and  the  color  is  grayish,  with 
darker  gray  blotches  in  the  abdominal  part  from  the  contents 
of  the  alimentary  canal.  The  details  of  the  structure  were 
unfortunately  never  sufficiently  worked  out  at  the  time  when 
material  was  available  to  establish  the  finer  points  in  the 
anatomy;  and  the  writers  deem  it  impossible  to  insist  upon 
the  specific  determination  beyond  the  indication  already 
made  that  the  specimens  belong  to  a  species  closely  allied 
to  Rhizoglyphns  parasiticus.  How  these  parasites  gained 
access  to  the  stools  is  entirely  conjectural.  The  intimate 
admixture  of  the  arthropods  and  of  the  ova  with  the  fecal 
material  (even  when  fresh)  suggests  that  they  were  actually 
in  the  material  when  it  was  passed.  Had  they  been  merely 
denizens  of  the  anal  verge  they  would  have  been  largely  or 
entirely  confined  to  the  surface  of  the  formed  mass.  The 
adult  acarians  in  the  Schnauss  material  were  all  motionless 
and  apparently  dead  when  it  was  received  in  the  laboratory 
from  Georgia  (several  days  after  its  discharge  from  the  host) ; 
in  the  Pepper  material  it  is  the  recollection  of  one  of  us  that 
some  of  the  mites  were  moving  at  least  slightly,  this  within  a 
few  hours  after  discharge  from  the  host.  The  undeveloped 
condition  of  the  ova  in  the  Pepper  case  compared  with  the 
advanced  but  varied  development  in  that  of  the  Schnauss 
case  point  to  the  development  having  been  extracorporeal, 
and,  therefore,  if  the  acarians  have  (as  is  not  impossible  when 
one  considers  the  fact  of  their  discovery  in  other  intracor- 
poreal  situations,  as  the  lymph  and  urine  above  mentioned) 
actually  been  mingled  with  the  feces  within  the  intestine,  they 
are  at  least  not  renewed  by  intra-intestinal  propagation,  but 
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must  eventually  disappear  as  they  die  and  are  discharged, 
unless  fresh  numbers  are  introduced  with  the  ingesta.  The 
exact  circumstances  of  collection  of  Schnauss'  material  are 
not  now  known,  but  in  Pepper's  case  the  chance  of  introduc- 
tion of  the  arthropods  into  the  feces  after  passage  is  excluded ; 
and,  as  already  suggested,  the  intimate  admixture  of  the 
parasites  with  every  particle  of  the  fecal  sample  rather  than 
merely  with  the  surface,  and  the  general  care  usually  observed 
in  obtaining  material  for  examination,  render  it  improbable 
that  this  mischance  enters  into  the  problem. 

.  Dr.  Schnauss  had  considerable  difficulty  in  procuring  his 
material,  and  a  direct  examination  of  the  anus  and  rectum 
was  denied  when  he  endeavored  to  obtain  it  after  the  nature 
of  the  case  was  reported  to  him.  These  mites  are  not  pro- 
vided with  a  tracheal  system,  require  but  little  oxygen,  and 
their  life  in  the  intestine  could  scarcely  from  this  one  point 
be  seriously  endangered,  provided  they  were  able  to  withstand 
other  influences;  but  their  history  of  development  and  their 
general  structure  are  not  adapted  to  an  entozoal  existence 
and  they  can  be  but  transient  parasites.  Whether  in  such 
circumstances  they  are  capable  of  producing  appreciable 
effects  upon  the  hosts  is  unknown,  and  seems  unlikely. 


A  NEW  METHOD  OF  EXAMINATION  OF  THE  FECES  FOR  THE 
OVA  OF  UNCINARIA.  WITH  REPORT  OF  A  CASE  OF  U. 
AMERICANA   AND   OF   A   CASE   OF  U.    DUODENALE,* 

William  Pepper,  M.D. 

{Assistant  Professor  of  Clinical  Pathology,  University  of  Pennsylvania.) 

{From  the  William  Pepper  Laboratory  of  Clinical  Medicine.) 

Having  very  recently  had  two  cases  of  Uncinariasis  under 
observation,  one  U.  Duodenale  and  the  other  U.  Americana, 
and  while  making  frequent  examinations  of  the  feces,  it  was 
noted  that  the  ova  of  these  parasites  were  quite  sticky  and 
that  this  peculiarity  (as  far  as  I  know  not  mentioned  in 
any  description)  could  be  made  use  of  in  searching  for 
these  ova. 

The  methods  recommended  for  finding  parasitic  ova  in  the 
stools  include  (i)  the  examination  of  a  small  amount  of 
feces  mixed  if  necessary  with  water  on  a  slide  under  the 
microscope;  (2)  the  natural  sedimentation  of  a  thoroughly 
liquefied  stool  in  a  tall  narrow  glass  jar  and  the  removal  after 
a  few  hours  with  a  pipette  of  some  of  the  middle  strata  of 
deposit  at  the  bottom  of  the  jar  for  microscopical  exami- 
nation;  (3)  the  centrifugalization  of  a  small  amount  of 
much  diluted  feces  and  the  subsequent  microscopic  search  of 
this  sediment. 

This  latter  method,  when  the  washing  is  frequently 
repeated  and  when  after  each  centrifugalization  the  super- 
natant dirty  water  is  thrown  away  and  fresh  water  added,  the 
whole  then  being  shaken  up  and  again  placed  in  the  centri- 
fuge, has  proved  most  useful  in  my  hands. 

In  this  way  all  bacteria,  free  coloring  matter,  light  vege- 
table matter,  etc.,  is  soon  got  rid  of,  and  only  the  heavier  par- 
ticles, including  any  ova  that  may  be  present  will  remain. 
After  about  six  repetitions  of  this  eliminative  washing,  the 
sediment  can  be  easily  and  satisfactorily  examined  under  the 

*  Received  for  publication  Jan.  14,  1908. 
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low  power  of  the  microscope.  There  is  then  left  no  obscur- 
ing cloud  of  bacteria  nor  fine  granular  debris,  but  instead 
each  ovum  or  muscle  fiber  or  crystal  or  vegetable  fiber 
stands  out  sharp  and  clear. 

In  endeavoring  to  remove  some  ova  from  a  slide  under 
the  microscope  prepared  in  this  manner,  by  touching  the 
egg  with  a  very  finely  drawn  out  glass  tube  and  thus  caus- 
ing it  to  be  carried  up  into  the  tube  by  capillary  attraction, 
it  was  found  impossible  with  the  ova  of  Uncinaria,  the  eggs 
having  stuck  to  the  glass.  I  have  thus  frequently  trans- 
ferred from  one  slide  to  another  the  ova  of  Ascaris  Lumbri- 
coides,  of  Trichiuris  Trichiura  and  of  Taenia  Saginata  and 
have  never  seen  them  adhere  at  all  to  the  slide.  A  rather 
peculiar  fact  to  be  noticed  in  this  connection  is  that  the 
ova  of  the  Uncinaria,  although  sticking  closely  to  the  glass 
slide,  do  not  seem  to  adhere  to  any  of  the  many  other  con- 
stituents of  the  stool.  When  a  drop  of  this  washed  sedi- 
mented  feces  is  allowed  to  stand  on  a  slide  for  a  few  minutes 
and  then  gently  immersed  in  water'and  examined  microscopi- 
cally, the  eggs  are  found  adhering  to  the  slide  while  all  else  has 
been  washed  away.  If  additional  drops  are  placed  on  the  slide 
and  washed  off,  the  slide  becomes  thickly  studded  with  the 
eggs  as  is  shown  in  the  accompanying  photograph.  A  ring 
of  asphalt  may  be  used  to  keep  the  drop  when  placed  on  the 
slide  in  bounds  and  also  serves  to  support  a  cover-glass. 
Both  the  old  world  and  new  world  variety  act  in  the  same 
way.  The  ova  at  all  stages  in  their  development  behave  in 
the  same  manner  even  including  those  in  which  a  living 
embryo  could  be  seen  moving  within  the  egg.  Ova  were  also 
seen  to  develop  up  to  this  stage  while  mounted  in  this  way 
in  water  and  under  a  cover-glass,  but  were  not  observed  to 
progress  further.  For  demonstration  purposes  this  method 
has  proved  very  useful. 

It  has  been  remarked  by  nearly  all  writers  that  it  is  much 
more  difficult  to  find  the  ova  of  Uncinaria  when  the  stools 
are  loose  than  when  they  are  formed  and  the  explanation  of 
this  may  He  in  the  fact  that  perhaps  in  loose  watery  stools 
the  ova  sink  to  the  bottom,  adhere  to  the  vessel  in  which  the 
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Stool  is  collected,  and  are  thus  not  to  be  found  in  such  large 
numbers  in  the  feces  examined. 

On  the  other  hand  in  loose  watery  stools  or  those  contain- 
ing mucus  the  eggs  I  observed  did  not  adhere  so  well  to 
the  slide. 

It  is  conceivable  also  that  this  stickiness  might  aid  in  the 
distribution  of  the  ova,  although  this  is  very  problematical. 

The  clinical  report  of  two  cases  of  Uncinariasis  is  added 
to  demonstrate  how  widely  spread  this  disease  is,  and  how 
common  it  would  probably  be  found  to  be  if  systematic 
examinations  of  the  stools  were  made  even  in  cities  as  far 
north  as  Philadelphia. 

The  first  case  illustrates  the  extreme  value  of  routine 
laboratory  examinations. 

P.J.  Italian.  Aged  twenty-six  years.  Admitted  to  the  Philadelphia 
Hospital  on  3-28-07.  He  had  been  in  this  country  one  year  spending  all  of 
that  time  working  as  a  laborer  building  bridges  in  Pennsylvania.  About 
eight  weeks  before  his  admission  to  the  hospital  he  began  to  grow  weak  and 
short  of  breath,  and  to  cough  and  to  have  pain  in  his  chest  and  abdomen. 
On  exertion  he  had  marked  palpitation.  In  about  a  month  he  had  to  stop 
work  and  went  to  a  hospital  where  he  was  in  bed  for  some  days  and  where 
he  was  found  to  have  a  left-sided  pleural  effusion  which  was  tapped  and 
about  a  quart  of  fluid  removed.  He  then  came  to  the  Philadelphia 
Hospital  with  practically  the  same  symptoni.s.  The  important  points  of 
the  physical  examination  on  admission  were  as  follows :  Fairly  well 
nourished,  anemic  looking  young  man.  Tongue,  pale  and  moist.  Pulse 
regular  and  of  low  tension.  At  base  of  left  chest  small  area  of  almost 
complete  flatness  on  percussion  with  loss  of  fremitus  and  distant  breath 
sounds.  The  collodion  dressing  over  the  aspiration  wound  still  in  place. 
The  spleen  was  distinctly  palpable. 

The  patient's  temperature  during  the  first  week  he  was  in  the  hospital 
was  always  above  loo"  and  below  103",  during  the  second  week  it  was 
between  99°  and  101°.  A  Widal  test  on  3-30-07  was  negative,  and  on 
the  same  date  the  leucocytes  numbered  seven  thousand  per  cubic  millimeter : 
the  differential  leucocyte  count  showed  normal  proportions  of  the  various 
forms. 

4-5-07.  The  examination  of  the  blood  showed  Hem.  forty  per  cent. 
Red  cells,  two  million  one  hundred  and  ten  thousand.  White  cells,  .seven 
thousand. 

On  account  of  the  persistence  of  the  fever,  and  the  enlargement  of  the 
spleen,   and   the   increasing   anemia   together  with    the   suspicious   signs 
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existing  at  the  left  base,  an  aspirating  needle  was  introduced  on  that  side, 
but  no  fluid  was  obtained. 

4-10-07.  The  examination  of  the  stools  on  this  day  cleared  up  the 
case  at  once.  Ova  of  Uncinaria  were  found  in  large  numbers.  Ten 
of  these  eggs  were  carefully  measured  and  were  found  to  range  between 
61-78  //  in  length  by  from  40-45  (i  in  breadth,  the  average  size  was  67.8/i- 
42.4  /'.  These  measurements  led  to  the  mistaken  idea  that  the  worrns 
were  of  the  new  world  variety,  or  Uncinaria  Americana,  but  on  obtaining 
the  worms  themselves  from  the  stools  later  all  were  found  to  be  Uncinaria 
Duodenale.  The  comparative  size  of  these  eggs  according  to  various 
authorities  is  here  quoted  : 

U.  Duodenale,  55-65  /z  =  32-45  fi  ^  ^^^^^ 

'U.  Americana,  64-75  /"  ^^  36-40  /«  1 

U.  Duodenale,  50-60  /i  =  ^o  fi  \  c    •  v, 

U.  Americana,  68-70  /t  =  38-40  u  i 

U.  Duodenale,  52-60//  =  32  w  1  _,         ,,.       .         .    ^ 

Tr    «        •  r       r  r  )■  Forto  Rico  Anemia  Commisslon. 

U.  Americana,  64-76  [i  =  36— 40  ,«  J 

A  Study  of  these  figures  will  show  why  the  diagnosis  of  Uncinaria 
Americana  was  made ;  and  demonstrates  the  unreliability,  in  some  cases 
at  least,  of  determinations  based  on  the  size  of  the  ova. 

4-18-07.  The  patient  was  given  Thymol  gr.  LX.  and  about  twenty- 
five  adult  male  and  female  worms  were  found  in  stools,  all  of  these  were 
Uncinaria  Duodenale.  During  the  next  week  Thymol  gr.  LX.  was  given  on 
two  occasions  but  only  about  six  or  eight  worms  were  found.  Eggs  still 
continued  in  the  stools. 

14-29-07.  Examination  of  the  blood  showed  red  corpuscles,  one 
million  seven  hundred  and  forty  thousand.  White  corpuscles,  eight 
thousand  four  hundred. 

5-1 1-07.  Thymol  gr.  XC.  was  given  and  a  number  of  worms  were 
found,  bringing  the  total  number  recover.ed  from  the  stools  to  between 
fifty  and  sixty,  all  of  which  were  U.  Duodenale.  After  this  the  patient 
began  rapidly  to  improve  in  weight  and  color,  and  would  not  remain  longer 
in  the  hospital.  There  were  still  a  few  ova  in  his  feces  when  he  left  on 
5-15-07- 

The  second  case,  although  the  presence  of  Uncinaria  had 
probably  but  a  slight  influence  upon  the  patient's  general 
health,  is  interesting  from  another  standpoint.  The  abdomi- 
nal symptoms  in  pulmonary  disease  are  often  confusing  and 
led  the  surgeons  who  were  called  in  to  open  the  abdomen  in 
spite  of  the  medical  diagnosis  of  pulmonary  abscess. 

J.  F.  Black.  Aged  twenty-six  years.  Waiter.  Born  in  North  Caro- 
lina. Admitted  to  the  Philadelphia  Hospital  2-27-07.  Service  of  Dr. 
Stengel. 
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Had  had  chilis  and  tever  in  1901.  Has  been  living  in  Philadelphia  for 
last  four  years  coming  to  this  city  from  his  home  in  North  Carolina.  On 
2-25-07  had  a  chill  followed  by  pain  in  right  chest  and  then  cough.  On 
examination  the  patient  was  found  to  have  consolidation  of  the  right 
upper  and  lower  lobe,  with  all  the  accompanying  signs  and  symptoms  of 
a  croupous  pneumonia.  He  became  quite  jaundiced.  His  urine  and 
sputum  were  very  bile  tinged.  His  spleen  was  not  palpable  at  this  time. 
His  pulse  was  very  weak  and  irregular  and  altogether  the  attack  was  a 
very  severe  one.  On  3-4-07,  the  seventh  day  after  the  initial  chill,  the 
temperature  dropped  and  the  patient  became  much  more  comfortable  and 
was  apparently  out  of  danger.  The  temperature  remained  normal  until 
3-10-07,  when  it  rose  suddenly  to  102  ,  and  then  dropped  quickly  to  nor- 
mal and  the  patient  that  day  complained  of  pain  in  right  a.xilla,  also  on 
3-1 1-07  there  were  two  abrupt  elevations  of  temperature  and  again  on 
3-20-07.  No  explanation  could  be  found  at  the  time  for  these  rises. 
On  3-24-07  his  temperature  was  around  104°  all  day  but  was  normal  on 
the  25th,  and  the  patient  was  then  found  to  have  chicken-pox;  his  tem- 
perature reached  105°  on  the  26th.  Having  recovered  from  the  chicken- 
pox  he  left  the  hospital  on  4-2-07. 

He  reentered  the  hospital  on  5-14-07,  not  having  been  very  well  since 
he  left;  complaining  of  cough,  pain  in  chest  and  abdomen  and  extreme 
weakness.  On  examination  an  area  of  dulness  was  found  still  to  be 
present  at  base  of  right  lung,  with  harsh  breathing  and  subcrepitant  and 
bubbling  r^les.  Repeated  examinations  of  the  sputum  revealed  no 
tubercle  bacilli  but  showed  enormous  numbers  of  streptococci,  staphylo- 
cocci and  other  organisms.     A  blood  culture  was  negative. 

On  5-18-07  the  ova  of  Uncinaria  were  found  in  small  numbers  in  the 
stools.  These  ova  averaged  in  length  71.5  u  by  37.8  in  width  and  were 
therefore  thought  to  be  from  Uncinaria  Americana,  which  was  subse- 
quently proved  to  be  the  case  at  the  autopsy. 

On  5-22-07.  Thymol  gr.  LX.  given,  but  no  worms  were  recovered  from 
the  stools.  The  patient's  condition  did  not  warrant  another  attempt  to 
dislodge  the  worms. 

During  this  time  the  patient  had  a  typical  hectic  temperature  ranging 
daily  from  98°  or  99°  to  103°. 

A  blood  count  on  5-17-07  showed  three  million  three  hundred  and 
eighty  thousand  red  cells  and  thirteen  thousand  three  hundred  and  thirty 
white  cells  with  eighty-four  per  cent  neutrophiles. 

The  patient  grew  weaker,  the  spleen  became  enlarged,  the  signs  at  the 
base  of  the  right  lung  increased,  the  dulness  was  not  movable,  the 
tactile  fremitus  and  vocal  resonance  were  not  lost,  and  there  were  no 
signs  of  free  fluid  in  the  pleural  cavity.  The  abdomen  became  slightly 
swollen,  tender  and  rigid,  but  nothing  abnormal  could  be  detected  on 
palpation. 

On  account  of  the  hectic  temperature,  leucocvtosis,  enlarged  spleen, 
increasing  weakness,  absence  of  tubercle  bacilli  in  the  sputum,  taken  in 
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consideration  with  the  signs  at  the  base  of  the  right  lung,  the  diagnosis 
of  pulmonary  abscess  or  interlobular  empyema  was  made.  The  case  was 
transferred  to  the  surgical  wards  on  5-29-07  with  the  request  that  should 
the  man  be  thought  strong  enough  and  the  signs  sufficient  that  the  right 
chest  be  opened  and  any  purulent  collection  evacuated  and  drained.  The 
patient  was  operated  upon  the  same  day.  The  surgeons,  however,  think- 
ing the  pulmonary  signs  indefinite  and  the  abdominal  ones  positive,  first 
introduced  an  aspirating  needle  into  the  right  pleura,  and  not  getting  any 
fluid  proceeded  to  open  the  abdomen  under  local  anesthesia  over  the  gall 
bladder  region.  Nothing  was  found  but  a  small  amount  of  clear  fluid  in 
the  abdominal  cavity  so  the  wound  was  closed.  The  patient  died  five 
days  later. 

The  intestines  and  the  right  lung  were  removed  through  the  abdominal 
incision  twenty-four  hours  after  death.  The  lung  was  bound  to  the  chest 
by  slight  easily  torn  adhesions,  the  lower  lobe  had  running  across  it  a 
raised  ridge  about  three  inches  in  length  by  one  inch  in  breadth,  looking 
like  a  welt  on  the  skin  raised  by  a  very  sharp  blow  of  a  stick.  The  crest 
of  this  ridge  had  evidently  been  adherent  to  the  costal  pleura  and  was 
yellowish  and  somewhat  ulcerated.  On  section  this  area  was  found  to  be 
fairly  firm,  free  from  air  and  beginning  to  disintegrate  and  break  down. 
The  cause  was  found  to  be  a  large  thrombus  in  one  of  the  large  arterial 
branches  supplying  this  portion  of  the  lung. 

Sections  from  this  area,  examined  microscopically,  showed  entire 
disappearance  of  lung  tissue,  a  .mass  of  round  cells  and  in  the  center 
granular  debris.     Liquefaction  was  apparently  just  beginning. 

On  opening  the  intestines  ten  Uncinaria  Americana  were  found,  eight 
of  these  were  females  and  two  males.  All  were  dark  in  color,  were  alive, 
and  were  not  adherent  to  the  mucous  membrane.  They  were  found  only 
in  the  small  intestine  between  one  and  two  yards  below  the  pylorus. 
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Ova  of  Uncinaiia  duodenale.  Collected  from  the  feces  by 
the  author's  method,  adhering  to  glass  slide  even  after  gentle 
washing. 


Peppw.  Undrwria  duedanai*. 


A   SUBSTITUTE   FOR   THE   MOVABLE   STAGE 

TO  BE  USED  WITH  THE  MALTWOOD 

FINDER. 


WILLL\M  PEPPER,  M.D. 
Assistant    Professor    of    Clinical    Pathology,    University    of    Penn- 
sylvania. 

PlIILADELPIIIA. 


In  microscopic  work,  especially  in  studying  blood  or 
bacteriologic  slides,  some  sort  of  "finder"  is  a  very 
necessary  part  of  the  equipment.  Any  one  who  has 
used  the  vernier  scale  which  accompanies  most  movable 
stages  will  agree  that  this  is  a  rather  unsatisfactory 
method  of  noting  down  an  exact  locality  on  a  slide  for 
further  examination.  The  slightest  disturbance  of  the 
relation  existing  between  microscope  and  movable  stage 
destroys  the  value  of  the  reference  figures  completely. 
In  carelessly  covering  the  microscope  with  a  bell  jar, 
for  example,  the  movable  stage  may  be  struck  and 
moved,  and  all  one's  past  trouble  is  wasted. 

Another  objection  to  registering  with  the  vernier 
scale  is  that  the  same  microscope  must  be  made  use  of 
each  time.  For  these  reasons  I  have  been  using  the 
Maltwood  finder  and  find  it  very  much  more  convenient. 
This  is  a  finder  that  has  been  in  use  for  a  number  of 
years  but  is  not  widely  known.  It  consists  of  a  heavy 
glass  slide  three  inches  in  length,  in  this  respect  corre- 
sponding precisely  with  the  ordinary  slide,  on  which  a 
network  of  a  large  number  of  small  squares,  each  con- 
taining two  figures  arranged  one  above  the  other,  so 
that  each  square  has  a  different  combination,  has  been 
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placed  (Fig.  1).    'Jlieso  squares  have  been  photographed 
on  the  slide. 

All  Maltwood  finders  are  niade  interchangeable,  the 
squares  being  placed  exactly  in  the  same  place  on  each 
slide.  In  using  this  finder  the  methods  is  as  follows: 
If  on  looking  over  a  slide  with  the  help  of  a  mov- 
able stage  a  cell  or  some  similar  object  is  seen  which 
one  desires  to  examine  at  some  later  time,  the  slide  is 
carefully  removed,  the  Maltwood  finder  substituted 
without  disturbing  the  movable  stage,  and  the  square 
which  is  found  in  the  center  of  the  field  on  focussing 
on  the  finder  is  noted  down.  In  order  to  make  sure  that 
the  proper  reading  has  been  made  the  finder  and  the 
slide   should  be  substituted,  one  for  the  other  several 
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Fig.    1. — Illustratins    a    small    portion    of    the    Maltwood    finder 
showing  the  plan  of  figure  combination. 


times,  when  on  focussing  the  same  field  on  the  slide 
and  the  same  square  on  the  finder  should  appear. 
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Suppose  the  reading  to  have  been 
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then  later. 


when  the  particular  field  or  cell  that  it  is  desired  to 
find  again  is  sought,  this  process  is  reversed.  Put 
the  finder  under  the  microscope  and  locate  the  square 
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place  it  in  the  middle  of  the  field,  then  remove 

the  finder  and  substitute  the  original  slide,  again  with- 
out disturbing  the  movable  stage,  and  on  focussing  the 
looked-for  field  or  cell  should  be  found  in  view.  This 
takes  but  very  little  time  and  has  the  advantage  that  a 
slide  can  be  sent  to  any  one  having  such  a  finder,  with 
the  request  that  he  examine  such  and  such  a  field,  giv- 


inir  the  nuniljers  of  the  particular  s<|n;in'  to  uliii  h  n-ftT- 
em  0  is  made. 

IIa\  iiii:  oiii'u  had  the  wish  to  use  this  (iinlrr  <iii  micro- 
scopes without  movable  stages  I  devised  a  simple  little 
right-angle  of  brass  that  could  easily  be  carried  in  the 
pocket  witli  tlie  linder  and  which  could  be  substituted 
at  any  time  for  a  movable  stage,  as  the  only  purpose 
that  the  movable  stage  serves  in  this  connection  is  to 
affun!  an  an^le  into  uhiili  the  <\'\i\y  and  the  finder  will  fit. 


Fis.  2. — Showing  brass  right-angle  devised  to  take  the  place  of 
the  angle  furnished  by  the  movable  stage ;  the  Maltwood  finder  in 
position.  The  two  clips  of  the  microscope  stage  are  shown,  with 
dotted  lines  demonstrating  how  they  can  be  moved  from  the  finder 
or  slide  to  the  brass  right-angle  in  order  to  hold  it  steady. 


The  illustration  shows  this  right-angle  and  demon- 
strates how  the  clips  on  the  microscope  can  be  moved 
from  the  finder  or  slide,  to  hold  the  right  angle  steady, 
while  the  slide  or  finder  are  being  substituted  one  for 
the  other.  The  illustration  also  shows  the  size  of  this 
right  angle  which  has  been  found  to  be  most  serviceable. 
The  strip  of  brass  from  which  the  right  angle  is  cut 
should  be  aljout  one-sixteenth  of  an  inch  thick. 

By  means  of  this  simple  little  device  it  is  a  very  easy 


matter  to  arrange  a  demonstration  of  slides  under  a 
large  number  of  microscopes  in  a  very  short  time,  often 
less  than  a  minute  being  required  for  each  specimen. 
In  finding  particular  fields  for  photomicrographic  re- 
production this  right-angle  has  proved  itself  to  be  very 
useful. 
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A  COVER-SLIP  HOLDER. 


WILLIAM  PEPPER,  M.D. 

Asslstaiit  Professor  of  Clinical  Pathology.  UaiTersity  of 

Pennsylvania. 

PHILADELPHIA. 


This  holder  was  devised  and  made  to  fill  the  want  of 
a  suitable  piece  of  apparatus  to  hold  a  large  number  of 
cover-slips  while  staining.  It  consists  of  four  upright 
brass  posts  rising  from  a  flat,  square  base,  each  post 
being. securely  fastened  in  a  comer  of  the  base,  and  of 
some  twenty  or  thirty  square  bands  or  hoops  of  brass 
fitting  snugly  around  the  four  posts,  part  of  one  side  of 
each  band  having  been  cut  away.  The  base  should 
project  slightly  beyond  the  four  posts,  so  that  the  bands 
when  placed  over  and  around  the  post  will  rest  on  it. 
Cover-slips,  either  singly  or  in  pairs,  with  back  to  back, 
can  be  placed  between  each  band,  the  comers  of  the 
cover-slips  projecting  between  the  posts.  When  in  posi- 
tion the  cover-slips  are  a  sufficient  distance  apart  to 
allow  the  stain  to  run  in  between  them. 

The  various  stains  can  be  kept  in  glass  cylinders  just 
large  enough  to  receive  the  apparatus  and  the  loaded 
holder  can  be  lowered  into  one  of  these  glasses,  tilting  the 
glass  as  far  as  possible  to  one  side  to  let  the  air  bubbles 
run  out  through  the  openings  in  the  bands ;  these  open- 
ings should  preferably  be  superimposed  one  above  the 
other.  Cover-slips  can  not  fall  out  after  being  placed  in 
position,  and  there  is  not  the  slightest  tendency  for  them 
to  get  broken. 

The  holder  shown  in  the  cut  is  for  use  with  %  inch 
square  cover-slips;  for  larger  sizes  a  larger  apparatus 
would  be  necessary.  It  would,  perhaps,  be  possible  to 
construct  a  triangular  holder  with  three  posts  for  stain- 
ing round  cover-slips,  but  these  are  seldom  used  in  blood 
work,  the  squares  being  much  better  for  making  spreads. 

T  have  stained  spreads  in  this  holder  with  hematox- 


ylin  and  eosin  very  successful!}',  and  even  Wright's  stain 
can  be  used  with  good  results  and  with  a  considerable 
saving  of  stain.  I  have  put  in  one  glass,  pure  undiluted 
Wright's  stain,  and  in  another  glass  the  properly  di- 
luted stain,  and  then  have  transferred  the  holder  from 
the  first  into  the  second.    The  stain  in  these  two  glasses 


Cover  slip    holder    for    staining    a    large    number    of    cover-slips 
simultaneously. 

can  be  used  again  several  times,  so  that  it  is  possible, 
with  but  very  little  stain,  to  prepare  a  great  many  cover- 
slips.  With  this  apparatus  35  c.c.  of  solution  is  suffi- 
cient for  staining  fifty  cover-slips  simultaneously. 
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A  CASE  OF  FATAL  HEMOLYSIS  FOLLOWING 

DIRECT  TRANSFUSION   OF  BLOOD   BY 
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PHILADELPULA. 


Since  the  report  by  Crile^  in  November,  1906,  of  sev- 
eral eases  of  severe  anemia  in  which  direct  arteriovenous 
anastomosis  and  transfusion  of  blood  was  made  use  of  in 
the  treatment  of  the  anemia  the  method  has  been  tried, 
at  times  with  favorable  results  and  at  others  without 
much  apparent  change  in  the  course  of  the  disease.' 
No  serious  ill  effects  have  been  reported  so  far  as  hav- 
ing been  caused  by  this  method  of  treatment,  and  we, 
therefore,  believe  that  the  following  report  of  a  case  of 
fatal  hemolysis  after  two  transfusions  of  blood  from  dif- 
ferent individuals  should  be  placed  on  record  in  order 
to  show  that  the  procedure  is  not  without  danger  and 
that  until  our  knowledge  of  the  hemolytic  action  of  dif- 
ferent sera  is  more  exact  it  should  be  used  with  caution. 

Patient. — C.  J.  G.,  aged  33,  white,  married,  bom  in  England. 
Referred  April  16,  1907,  by  Dr.  Frank  Harris,  Trenton,  N.  J., 
to  the  Hospital  of  the  University  of  Pennsylvania,  service  of 
Dr.  Stengel.    Complained  of  bleeding  from  gums. 

History  of  Present  Illness. — Some  time  before  October.  1!)0<5. 
it  was*  noticetl  that  the  patient's  complexion,  though  naturally 
pale,  was  becoming  paler,  though  he  had  been  in  apparently 
good  health  up  to  that  time.  Tinnitus  aurium,  and  a  very 
slight  intermittent  nightly  bleeding  from  the  upper  gum  began 

•   From  tlie  William  I'epper  I>aboratory  of  Clinical  Medicine. 
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at  this  time.  He  had  been  able  to  be  about  on  his  feet,  but 
had  gradually  grown  weaker  during  this  period.  Dizziness, 
palpitation  of  the  heart,  and  pains  in  legs  were  occasionally 
present.  He  had  gained  six  pounds  in  weight  in  the  last  ten 
weeks;  for  a  time  he  noticed  that  his  vision  was  dim.  The 
bleeding  from  the  upper  gum  was  at  first  noticed  at  night 
only,  but  it  gradually  increased  in  severity,  occurring  day  and 
night  for  ten  weeks  preceding  his  admission,  though  intermit- 
tently, and  during  the  last  four  days  preceding  admission  con- 
stant bleeding  had  occurred.  Patient  was  kept  in  bed  under 
a  physician's  care  for  seven  weeks,  beginning  about  Jan.  15, 
1907.  He  grew  somewhat  better  at  the  end  of  that  time  and 
went  to  work.  On  April  13,  1907,  bleeding  and  other  symptoms 
forced  him  to  stop  work  again.  Physicians  told  him  he  was 
losing  blood  in  his  urine,  and  by  the  bowel  (after  examination 
of  urine  and  feces).  He  had  noticed  no  edema.  No  hemo- 
philic nor  scorbutic  history. 

Previous  Medical  History. — Patient  had  none  of  the  diseases 
of  childhood.  Had  nervous  indigestion  six  years  ago;  other- 
wise has  been  a  very  strong  man. 

Social  History. — Patient  at  21  years  became  a  machinist, 
doing  hard,  manual  labor  ever  since.  About  11  years  ago  he 
had  a  sore  on  his  penis,  hard  and  persistent;  a  rash  followed 
this,  and  he  was  treated  for  six  months  for  syphilis.  Was 
married  ten  years  ago;  wife  had  one  miscarriage  and  one  liv- 
ing child,'  which  has  coxalgia.  He  used  tobacco  and  tea  mod- 
erately, occasionally  drank  beer,  rarely  whisky.  Had  a  good 
home  and  good  food. 

Family  History. — Father  and  mother  were  living  and  well. 
Patient  had  fifteen  brothers  and  sisters.  One  brother  died  of 
■apoplexy  and  one  of  injury.  One  sister  died  of  a  peculiar  (non- 
anemic)  wasting  disease.  No  history  of  renal,  cardiac,  or  pul- 
monary disease. 

Condition  on  Admission. — Temperature  98  F. ;  pulse,  108; 
respiration  22.  Patient  walked  to  the  hospical,  looking  ex- 
tremely anemic,  but  not  dyspneic  or  weak. 

Physical  Examination. — Patient  was  a  dark-complexioned 
lYian,  fairly  well  nourished,  and  with  good  musculature.  Skin 
uniformly  throughout  body  had  a  dirty  lemon  color.  No  edema 
nor  cyanosis  present.  Peripheral  arteries  were  soft;  pulse  of 
low  tension,  easily  compressible,  moderately  rapid  and  quickly 
receding.  No  capillary  pulse.  Lymphatic  glands  were  palpable 
in  axilla  and  groin  and  one  beneath  the  jaw.  "Conjunctivae  very 
anemic;  sclera  showed  a  glistening  pearly- white  luster; 
pupils  equal;  pu])illary  reflexes  normal.  Ears  showed  a 
waxy-like  pallor.  Alae  of  nose  moved  with  respirations.  Lips 
.vvere  very  pale  and  blood  stained.  Tongue  very  pale  and  coated 
with  mucus  and  blood.  Upper  gums,  especially  anteriorly, 
oozed  blood  continuously;  slight  oozing  from  lower  gums.  No 
blue  line  at  edge  of  teeth;  teeth  were  somewhat  decayed  at 
gum    margin.      Oral    mucous    membranes    very    pale.      Neck 
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shows  marked  pulsations,  arterial  in  type.  Thorax  rounded 
and  fairly  well  muscled.  Respirations  equal  on  either  side,  ex- 
pansion good,  breathing  oosto-abdominal.  Lungs  were  normal 
as  to  vocal,  tactile  fremitus,  and  resonance,  which  extended 
from  the  sixth  right  rib  to  apex  anteriorly  on  right  side,  and 
jKJsteriorly  to  level  of  tenth  dorsal  vertebra.  Breath  sounds 
were  vesicular  in  type;  no  riles.  Heart:  Apex  beat  extended 
over  several  interspaces,  but  was  seen  best  in  fifth  interspace, 
within  the  left  midclavicular  line.  A  feeling  suggesting  a 
thrill  on  palpation.  Cardiac  dulness:  Above  third  rib;  right, 
1  cm.  beyond  right  sternal  margin;  left,  about  the  anterior 
axillary  line,  3  cm.  beyond  nipple  line.  A  loud  first  sound,  ac- 
{■onipanied  by  a  rough,  loud  murmur,  heard  best  at  apex,  not 
transmitted.  A  systolic  murmur  was  also  heard  in  third  In- 
terspace, not  transmitted  to  vessels  of  neck,  where  a  humming 
sound  was  heafd  over  their  course.  The  second  murmur  was 
the  higher  pitched.  Pulmonary  second  sound  was  accentuated. 
Abdomen  was  of  normal  rounded  outline;  slight  panniculus. 
Liver  and  spleen  were  not  palpable.  Retroperitoneal  lymph- 
atic glands  were  not  palpable.  Abdomen  was  generally  tymp- 
anitic on  percussion.  Liver  dulness  extended  from  right  mid- 
clavicular, sixth  rib,  to  rib  margin.  Splenic  dulness  began  at 
ninth  rib  in  midaxillary  line,  and  soon  blended  with  colonic 
tympany  about  the  eleventh  rib.  Limbs  were  well  muscled. 
Nails  bitten  and  anemic. 

U urinalysis. — Straw  colored  urine,  flocculent  sediment;  odor, 
normal;  sp.  gr.,  1016;  acid;  mucus,  plus;  leucocytes,  plus; 
erj-throcytes,  minus;  squamous  epithelia,  plus;  a  few  calcium 
oxalate  crystals;  a  few  bacteria. 

Blood. — Hemoglobin,  20  per  cent.;  r.  b.  c,  970,000;  w.  b.  c, 
3,000.     (See  chart  and  table  for  further  examinations.) 

Blood  Pressure. — Systolic,  120;  diastolic,  unobtainable.  . 

Stool  Examination. — Formed,  hard,  dark  and  tarry,  some- 
what oflFensive.  Microscope  showed  erythrocytes,  and  unde- 
termined crystals.  Occult  blood,  very  marked  positive  reac- 
tion. 

The  bleeding  continued  in  small  amounts  and  patient  \n<i 
ground  steadily. 

April  24:  2,000  units  diphtheria  antitoxin  were  injected 
in  the  hope  of  influencing  a  possible  undiscovered  infection, 
whatever  its  nature. 

April  25:  The  patient  is  losing  ground  daily.  Lost  several 
ounces  of  blood  from  the  mouth  last  night  in  spite  oT  various 
local  applications  and  mouth-washes.     Seems  paler  daily. 

It  was  evident  at  this  stage  of  the  ease  that  the  pa- 
tient was  suffering  from  eome  obscure  tj'pe  of  hemor- 
rhagic disease  rather  than  from  any  of  the  more  definite 
forms  of  blood  disease.  Careful  inquiry  failed  to  dis- 
close any  historj'  of  hemophilia  in  his  family.  Sctirvy 
was  negatived  by  the  absence  of  characteristic  change^ 


in  the  gums,  or  deep  (intramuscular  or  subdermal) 
hemorrhagic  effusions  or  of  a  suggestive  history.  The 
morphology  of  the  blood  as  well  as  the  blood  count  ex- 
cluded ordinary  pernicious  anemia,  and  the  patient  was 
quite  certain  that  his  pallor  followed  the  bleeding  from 
the  gums.  Had  the  reverse  been  the  case  such  persistent 
bleeding  from  the  mouth  could  not  well  be  ascribed  to 
pernicious  anemia;  no  such  tendency  to  uncontrollable 
hemorrhage  occurs  in  that  disease.  The  blood  picture 
more  closely  resembles  that  of  so-called  aplastic  anemia, 
but  the  fact  that  the  anemia  seems  to  have  followed  the 
hemorrhage  rather  than  to  have  occasioned  it  caused  us 
to  exclude  this  diagnosis.  The  possibility  of  the  patient 
having  acute  leukemia  was  considered  and  the  fact  that 
cases  have  been  recorded  in  which  this  disease  has  existed 
and  even  terminated  fatally  with  leucocyte  counts  no 
higher  than  those  obtained  in  our  case  was  considered. 
We  felt,  however,  that  the  degree  of  lymphocytosis  and 
the  general  morphology  of  the  blood  did  not  justify  this 
diagnosis. 

For  all  of  these  reasons  the  conclusion  arrived  at  was 
that  the  patient  was  suffering  from  some  type  of  obscure 
hemorrhagic  disease  of  unknown  etiology.  The  rapid 
increase  of  the  anemia  with  the  persistence  of  bleeding 
caused  us  to  place  the  patient  under  the  care  of  Drs.  C. 
H.  Frazier  and  J.  E.  Sweet  for  direct  transfusion,  the 
patient's  wife  offering  to  furnish  the  blood. 

April  26:  Patient  passed  a  very  bad  night,  bleeding  con- 
tinuously from  gums.  Tinnitus  aurium  was  very  severe. 
Nausea  present  in  high  degree.  Seemed  to  be  sinking  very 
rapidly.  At  5:52  p.  m.,  after  anastomosis  by  Dr.  Sweet  of  the 
left  radial  artery  of  patient's  wife  with  a  large  vein  at  left 
elbow  of  patient,  clamp  was  removed  and  transfusion  begun. 
Transfusion  ended  at  7:25  p.  m.  Both  husband  and  wife' 
stood  operation  well.  During  the  operation  the  patient  vom- 
ited considerable  quantities  of  dark  grumous  material. 

Blood,  5  :50  p.  m.  Differential    Count. 

R.  B.  C 420,000  Per  cent. 

W.  B.  C 4,200         Polymophonuclear     41 

Hb 12  per  cent.         Large  mononuclear    0.5 

Pressure     100         Transltionals     2.5 

Lymphocytes     54.5 

Eoslnophlles    1.5 

Blood,  6  :15  p.  m.  Differential    Count. 

R.    B.    C 920.000  Percent. 

W.   B.  C 1,800  Polymorphonuclear     28 

Hb 15    per    cent.         Transltionals     3 

Pressure     118         Large    mononuclears 0 

Lymphocytes    68.5 

Eoslnophlles    1 


BIoo<l,   7:1.")  p.   m.  Differential    Count. 

R.    B.    C 1.001.000  Per  cent. 

Hb -I   per  cent.         Polymorphonuclear    44 

I'ressnre     115         Ijirge  mononuclear 2.5 

Tranitltionals     .3 

Lymphocytes    40 

KcHiinophlles     1.5 

I>ulse  rate,  120-130  throughout  operation.  (See  blood  charta 
and  table.) 

April  27:  Patient  passed  a  fair  night.  Bleeding  from  gums 
almost  entirely  ceased  immediately  after  transfusion  and  did 
not  recur.  Tinnitus  aurium  entirely  ceased  in  one  ear  and 
was  better  in  the  other.  Had  not  vomited  since  transfusion. 
Color  a  great  deal  better.    No  jaundice  jioted. 

April  28:  Patient  continued  to  feel  stronger  and  much  bet- 
ter. Bleeding  Ironi  gums  was  merely  a  trace.  Stomach  not 
very  retentive.  At  5:35  p.  ni.  a  vein  was  exposed  in  upper  left 
arm  by  Dr.  Frazier.  This  was  found  not  suitable  to  the  left 
radial  arterj'  6i  patient's  brother-in-law,  which  was  being  ex- 
posed at  same  time.  Another  vein  in  patient's  lower  ami  was 
exposed  and  an  arteriovenous  anastomosis  done  by  Dr.  Sweet. 
Blood  was  allowed  to  transfuse  from  6:. 33  p.  m.  to  7:37  p.  m. 
Patient  visibly  reddened  during  operation.  The  donor  grew 
somewhat  sick  at  stomach,  but  otherwise  stood  the  operation 
well. 

Blood  before  tranafugion.  6:30  p.  m.:  R.  B.  C,  1.270,000  :  W.  B.  C, 
2,4.50 ;  Hb..  21  per  cent. ;  pressure.  122. 

Blood  after  transfusion  teas  begun,  6:53  p.  m.:  R.  B.  C,  1,370.000; 
Hb.,  23  per  cent. :  pressure.  140. 

Blood,  7:15  p.  m.:  R.  B.  C,  1,580,000;  Hb.,  29  per  cent. ;  pressure 
14.>. 

Blood  at  end  of  transfusion.  7:30  p.  m.:  R.  B.  C,  1.800.00<»; 
Hb..  36  per  cent. ;  pressure.  142. 

Blood,  differential.  7:30  p.  tn.:  Polymorphonuclears.  11.6  per  cent, 
lymphocytes.  83.3  per  cent. :  large  mononuclear.  0.3  per  cent. : 
transitionals.  0.6  per  cent. :  mast  cells.  0.3  per  cent. :  eosinophiles. 
0.3  per  cent.  :  myelocytes,  0.3  per  cent. ;  mlcrocytes.  macrocytes.  Xo 
nucleated  red  cells. 

10:00  p.  m..  Blood  pressure  142. 

I..ater  in  the  evening  the  patient  lay  in  a  flushed,  warm  leth- 
argic condition,  probably  influenced  somewhat  by  morphin 
given  at  operation.  Much  sweating.  Xo  jaundice  by  artificial 
light.     Temperature,  103  F. 

April  29 :  Patient  this  morning  was  very  jaundiced.  Stomach 
had  not  been  retentive  since  operation.  Expectorates  green 
mucoid  material  from  throat.  Xo  bleeding  from  gums.  Temp- 
erature rose  in  afternoon  to  104  F.  Arm  somewhat  painful 
and  swollen.  Hand  edematous.  Xo  pus  in  wounds.  Spleen 
palpable.  Urine  contained  urobilin,  hemaglobin,  some  free 
blood  and  many  casts.     Blood  pressure,  115. 

After  the  first  transfusion  (wife's  blood)  the  urine  showed 
.slight  reddish  discoloration  and  slight  amount  of  urobilin,  sug- 
gesting hemolysis,  but  this  had  nearly  disappeared  when  the 
second  transfusion  (brother-in-law's  blood)  was  undertaken. 
Dtiring  the  night  after  this  second  transfusion  the  urln« 
changed  to  a  marked  bloody  character  and  subseiqiiently  showed 
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a  direct  proportional  relation  with  the  jaundice,  oppression, 
and  other  evidences  of  hemolysis.  (Details  regarding  the 
inetabolism  and  hemolytic  features  in  the  urine  will  be  re- 
ported by  Drs.  Stengel  and  Edsall.) 

April  30:  Passed  a  poor  night.  Jaundice  worse.  Stomach 
still  not  retentive.  Temperature  still  high.  Arm  condition 
the  same.    Mouth  very  dry,  but  no  bleeding. 

May  1:  Was  in  a  very  low  state.  Blood  pressure,  105.  The 
patient  sank  rapidly  and  was  removed  to  his  home  in  Trenton, 
where  he  died  ivlay  3,  1907. 

The  patient's  temperature  during  the  first  ten  days 
he  was  in  the  hospital  was  usually  slightly  above  nor- 
mal, reaching  on  one  occasion  101  F.  The  pulse  was 
always  higher  than  normal,  ranging  from  80  to  120. 
The  respirations  ran  between  22  and  32.  During  the 
last  week  the  patient  was  in  the  hospital  the  tempera- 
ture, pulse  and  respirations  were  higher,  the  temperature 
reaching  104  ¥.,  the  pulse  125  and  the  respirations  39 
and  never  coming  down  to  normal.  An  effort  was  made 
to  determine  if  the  blood  serum  of  the  patient  was  hem- 
olytic to  normal  red  blood  corpuscles. 

Sterile  blood  Avas  collected  from  the  patient  eighteen 
and  thirty-six  hours  after  second  transfusion.  The  blood 
was  allowed  to  coagulate  and  the  serum  used  for  the  fol- 
lowing tests:  A  5  per  cent,  suspension  of  washed  nor- 
mal red  blood  corpuscles  in  0.85  sodium  chlorid  solu- 
tion was  prepared.  The  serum  of  the  patient  was  mixed 
with  the  suspension  of  red  corpuscles  in  varying  pro- 
portions. The  mixture  of  serum  and  corpuscles  was 
kept  in  an  incubator  at  37  C.  (98.6  F.)  for  two  hours. 
On  removal  no  evidence  of  hemolysis  was  observed.  The 
result  was  also  negative  after  the  incubated  mixture  had 
been  kept  on  ice  for  twenty-four  hour.^.  The  mixture 
when  prepared  as  above  and  an  activating  substance  sup- 
plied by  adding  normal  serum,  also  failed  to  show  hemol- 
ysis. 

Throughout  the  patient's  stay  in  the  hospital  a  num- 
ber of  examinations  of  the  blood  were  made  which  were 
of  considerable  interest.  The  type,  as  judged  from  the. 
study  of  the  stained  specimen,  was  that  of  a  secondary 
anemia.  A  remarkable  feature  was  the  fact  that  on  only 
a  few  occasions  were  nucleated  reds  found  and  then  only 
in  very  small  numbers.  These  were  all  normoblasts, 
and  not  more  than  ten  or  twelve  were  seen  altogether  in 
the  many  slides  examined.  Poikilocytosis  and  poly- 
chromatophilia  were  constant.  The  leucocytes  were 
normal  in  appearance. 


A  study  of  the  table  of  the  various  leucocyte  counts 
shows  that  the  absolute  number  of  lymphocytes  was  prac- 
tically always  higher  than  that  of  the  neutrophiles,  but 
was  never  higher  than  2,289.  The  lymphocytes  ran  at 
a  more  r^ular  figure  than  did  the  neutrophiles,  which 


Chart  of  the  patient's  blood. 

were  affected  by  both  transfusions,  dropping  much  below 
the  normal  figures.  The  eosinophilee  were  normal  in 
number.  Very  few  basophiles  were  found.  Only  one 
myelocyte  was  seen. 

The  chart  here  given  demonstrates  diagramatically  the 
extreme  grade  of  the  anemia,  the  improvement  in  the 
hemoglobin  percentage  and  in  the  red  cell  count,  fol- 
lowing the  transfusions,  and  the  rapid  drop  succeeding 
the  second. 

The  color  index,  as  can  be  easily  seen,  was  usually 
above  normal.  There  was  a  constant  leucopenia,  the 
total  count  per  cm.  dropping  May  1,  the  day  before  the 
patient  left  the  hospital  and  three  days  after  the  second 
transfusion  of  400  per  cm.  Determinations  were  made 
of  the  hemoglobin,  red  and  white  cells  before  and  during 


both  transfusions,  and  an  effort  was  made  in  thie  way 
to  estimate  approximately  the  amount  of  transfused 
blood. 

Twelve  hours  after  the  second  transfusion  it  became 
evident  that  a  rapidly  increasing  hemolysis  had  devel- 
oped and  this  persisted  until  death.  Jaundice  set  in 
promptly  and  deepened  until  it  was  intense ;  the  pa- 
tient's temperature,  which  was  a  little  higher  after  the 
first  transfusion  than  previously,  became  still  more  ele- 
vated, fluctuating  between  100  F.  and  104  F.  and  the 
rates  of  the  pulse  and  respiration  became  correspond- 
ingly higher.  The  urine  quickly  became  blood  red  and, 
though  at  times  a  little  lighter  colored,  did  not  change 
materially  to  the  end.  The  patient  was  intensely  rest- 
less and  irritable,  all  food  taken  by  the  mouth  and  even 
water  was  promptly  rejected,  and  the  bowel  proved 
equally  unretentive.  Petechial  hemorrhages  appeared  in 
various  places  and  there  was  active  and  increasing  hem- 
orrhage from  the  mouth  and  nose.  The  liver  increased 
in  size  and  was  somewhat  tender  to  pressure.  The 
spleen  was  recorded  as  being  palpable. 

There  was  no  doubt  of  the  nature  of  the  condition, 
which  was  typically  that  of  intense  hemolysis,  and  it  is 
mainly  on  account  of  this  event  that  the  case  is  worthy 
of  publication.  It  seems  to  have  been  too  implicitly  be- 
lieved that  the  transfusion  of  human  blood  into  another 
human  being  is  incapable,  apart  from  such  accidents  as 
embolism,  thrombosis  or  infection,  of  causing  untoward 
results  and  especially  that  hemolysis  will  not  take  place. 
It  is  true  that  Ehrlich  and  others  who  have  investigated 
hemolysis  in  animals  have  called  attention  to  the  fact 
that  iso  hemolysins  occasionally  appear,  and  Eisenberg 
has  reported  some  investigations  of  this  question  in  its 
relations  to  the  blood  of  various  diseases.  Nevertheless 
there  has  been  no  serious  doubt  of  the  innocuousness  of 
introducing  blood  from  normal  individuals  into  other 
normal  persons,  or  those  suffering  from  hemorrhage  or 
disease^  providing  the  technical  accidents  could  be  ob- 
viated by  some  such  refined  procedure  as  that  reported 
by  Crlle.  The  fallacy  of  this  belief  is  illustrated  in  the 
case  herewith  reported. 

When  we  come  to  consider  the  possible  cause  of  the 
intense  hemolysis  which  destroyed  our  patient  our  at^ 
tention  is  at  once  called  to  the  fact  that  the  first  trans- 
fusion was  followed  by  but  a  suggestion  of  hemolysis 
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(evident  in  some  discoloration  of  the  urine  and  by  the 
presence  of  a  small  quantity  of  urobilin,  neither  being 
positively  attributable  to  the  transfusion  rather  than  to 
the  patient's  disease),  and  in  the  second  place  to  the 
prompt  appearance  of  marked  hemolysis  after  the  second 
transfusion.  One  receives  the  impression  that  the  first 
transfusion  may  in  some  manner  have  caused  the  for- 
mation of  hemolytic  bodies  which  after  the  second  trans- 
fusion found  abundance  of  vulnerable  corpuscles  for 
their  operation.  We  do  not  feel  that  there  are  sufficient 
data  to  warrant  our  expressing  any  opinion  as  to  the 
role  ascribable  to  second  transfusions  or  to  transfusions 
of  blood  from  more  than  one  individual.  It  may  be 
recalled,  however,  that  Crile  has  reported  one  case  of 
successive  transfusions  of  blood  from  two  brothers  of 
the  patient  without  any  hemolysis  being  noted.  Some 
experiments  in  animals  and  studies  of  sera  a  ad  cor- 
puscles of  man  undertaken  in  this  laboratory  since  the 
occurrence  of  our  case  have  thus  far  failed  to  throw  any 
light  on  the  matter. 

We  can  not  omit  mentioning  the  injection  of  a  dose 
of  diphtheria  antitoxin  some  days  previous  to  the  first 
transfusion,  especially  as  the  studies  of  Theobald  Smith, 
Rosenau  and  Anderson  and  others  have  indicated  possi- 
bilities of  danger  in  secondary  injections.  These  stud- 
ies, however,  have  shown  no  hemolytic  results  and  have 
in  addition  been  concerned  with  secondary  injections  of 
the  same  heterologous  serum  and  not  with  homologous 
blood  or  serum  after  foreign  serum. 

The  published  cases  of  Crile  and  others  indicate  the 
probable  safety  of  the  operation  of  transfusion  in  post- 
hemorrhagic cases,  but  the  results  in  our  own  indicate 
the  danger  in  certain  pathologic  conditions  and  the 
necessity  of  caution  until  we  are  in  possession  of  greater 
knowledge.  At  the  same  time  the  possibility  of  benefit 
may  justify  transfusion  in  apparently  desperate  cases. 

Autopsy  Notes. — The  autopsy  was  performed  by  Dr.  Pepper, 
at  the  home  of  the  patient  in  Trenton,  N.  J.,  on  the  afternoon 
of  May  4,  1907,  the  body  having  been  injected  with  some  pre- 
servative fluid  containing  formalin  by  the  undertaker  some 
hours  previously.  Body  of  a  well-nourished  male,  extremely 
anemic  in  appearance,  and  exhibiting  a  fairly  intense  jaundiced 
hue  of  the  skin.  Subcutaneous  fat  a  bright  lemon  color. 
Muscles  of  the  abdominal  wall  very  pale.  Numerous,  easily 
broken  down  but  fairly  extensive,  pleural  adhesions  throughout 
the  left  pleura ;  no  adhesions  in  the  right  side.     The  hcprt  was 
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large,  both  auricles  being  very  much  dilated;  the  heart  wa« 
empty  and  iiad  been  evidently  injected  with  formalin,  as  the 
wails  of  the  auricles  felt  like  leather;  the  right  ventricle  was 
dilated.    All  the  valves  were  normal. 

Iktth  lungs  showed  small  subpleural  hemorrhages  and  on  sec- 
tion both  were  riddled  with  numerous  dark-red  firm  areas,  be- 
tween wliicli  the  lung  tissue  was  apparently  normal  and 
crepitant.  1  lio  lungs  were  very  dry  and  these  small  areas  or 
nodules  were  undoubtedly  hemorrhagic  and  were  so  firm  that 
they  could  be  palpated  throughout  the  whole  lung.  Most  of 
them  were  about  the  size  of  a  split  pea;  a  few  seemed  to  have 
coalesced. 

The  spleen  was  normal  in  size  and  appearance,  on  section  it 
was  also  normal  in  appearance.  The  liver  was  fairly  large 
smooth,  light  in  color,  and  on  section  showed  no  macroscopic 
evidence  of  necrosis;  it  appeared  slightly  fatty,  but  otherwise 
perfectly  normal.  The  gall  bladder  contained  a  small  amount 
of  bile. 

The  left  kidney  was  large,  thick,  fairly  firm  and  rounded; 
there  were  a  number  of  small  subcapsular  hemorrhages.  The 
capsule  stripped  readily,  leaving  no  trace  of  the  hemorrhages 
on  the  kidney.  Section  of  the  kidney  showed  a  cortex  of  normal 
width;  there  was  no  congestion.  The  parenchyma  was  clouded 
and  granular  in  appearance.  The  right  kidney  showed  ex- 
actly the  same  condition  and  in  addition  an  area  of  hemorrhage 
in  the  parenchyma  about  a  centimeter  in  length.  The  pancreas 
was  normal.  The  right  suprarenal  was  normal.  The  stomach 
contained  a  small  amount  of  dark  brown  liquiu.  The  mucous 
membrane  was  not  ulcerated  but  was  merely  dotted  here  and 
there  with  a  number  of  small  reddish  spots.  There  did  not 
seem  to  be  any  break  in  the  continuity  of  the  mucous  mem- 
brane at  these  points.  The  mesenteric  lymph  glands  were 
normal  in  size  and  appearance.  The  intestines  were  not 
opened.  The  bone  marrow  from  the  middle  of  the  shaft  of  the 
right  tibia  was  normal  in  appearance. 

Pathologic  Diagnosis. — Severe  anemia.  Jaundice.  Numerous 
small  intrapulmonary  hemorrhages.  Dilatation  of  the  heart. 
Acute  parenchymatous  nephritis  with  subcapsular  ecchymoses. 

Microscopic  Examination  of  Tissues. — Lungs:  Hemorrhagic 
extravasation  into  alveoli,  congestion  and  edema.  Number  of 
large  epithelial  cells  containing  pigment  ( Hertzfehlerzellen ) . 
Kidneys:  For  most  part  the  epithelium  of  the  tubules  pre- 
sented normal  characteristics.  In  some  areas,  chiefly  in  the 
convoluted  tubules  the  epithelium  was  granular,  the  de- 
marcation between  cells  obscure,  and  the  nuclei  invisible.  The 
lumina  of  a  number  of  these  tubules  were  filled  with  granular 
debris;  many  others  were  filled  with  red  blood  corpuscles, 
more  or  less  disintegrated.  Glomeruli  presented  no  unusual 
features.  Proportion  between  interstitial  and  parenchymatous 
tissue    was    normal.      In    small    scattered    areas    were   found 
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bodies  presenting  the  characteristics  of  emboli  composed  of 
bacteria,  but  unattended  by  any  inflammatory  reaction.  Liver: 
Some  deposit  of  pigment,  probably  blood  pigment,  in  tbe  liver 
cells.  (No  areas  of  necrosis.)  Suprarenal:  Moderate  con- 
gestion.   Pancreas,  spleen  arid  bone  marrow  normal. 
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The  germ  content  of  the  uterus  has  been  controversial  ground 
for  years.  The  question  has  been  investigated  by  many  since  the 
time  of  Doederlein  with  the  most  varied  results,  to  be  explained,  in 
our  opinion,  upon  the  ground  of  errors  in  technique.  Probably 
the  earliest  investigator  in  this  field  was  Myerhofer,  who,  in  1865, 
employed  suction  by  means  of  a  glass  tube.  He  was  always  able 
to  demonstrate  cocci  and  bacilli  if  the  case  were  febrile,  but  he  did 
not  find  them  in  afebrile  cases.  Doederlein,  in  1887,  reported  a 
series  of  30  cases  with  normal  temperature.  In  27  of  these  the 
lochia  was  sterile,  while  in  3  bacilli  were  present,  streptococci 
being  identified  once.  He  drew  the  conclusions  from  his  study: 
(1)  That  in  normal  cases  the  uterine  lochia  is  sterile;  (2)  that 
microorganisms  are  almost  always  present  in  severe  cases  of  puer- 
peral infection;  (3)  that  infection  is  not  always  due  to  lack  of  care 
on  the  part  of  the  physician.  Von  Ott  and  Czemiewski,  in  1888, 
arrived  at  the  same  conclusions,  but  the  latter  held  that  the  strep- 
tococcus might  be  present  in  the  lochia  of  normal  cases  in  rare 
instances  without  symptoms. 

In  contradistinction  to  the  above,  we  wbh  to  call  attention  to 
the  statistics  contributed  by  Stolz,  who  found  streptococci  in  the 
vaginal  secretion  of  three  normal  pregnant  women,  while  in  a  series 
of  women  with  abnormal  vaginal  secretion  during  pregnancy 
streptococci  were  present  in  several  instances.  In  studnng  the 
puerperal  uterus,  he  found  that  on  the  ninth  day,  in  a  series  of  156 
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cases  examined  during  labor,  with  aseptic  precautions,  there  were 
55  positive  and  101  negative  results,  streptococci  being  found  in 
11  per  cent,  of  the  positive  cases. 

Neither  the  duration  of  the  labor,  the  presence  of  laceration, 
the  number  of  examinations  during  labor,  or  the  operations  per- 
formed to  effect  delivery  seemed  to  alter  the  result.     Retention  of 
secundines  did,  however,  increase  the  bacterial  content.     In  54 
women  who  had  not  been  examined  in  labor,  and  in  whom  the 
puerperium  was  normal,  he  found  that  in  10,  cultures  gave  strepto- 
cocci on  the  ninth  day.     In  a  series  of  over  a  dozen  women  in 
whom  cultures  were  taken  on  the  third,  fourth,  fifth,  sixth,  seventh, 
and  eighth  day,  in  order  to.  determine  the  time  of  ascendancy 
of  the  germs,  it  was  found  that  early  in  the  puerperium  there 
might  be  non-pathogenic  organisms  in  the  lochia  with  absence  of 
any  signs  of  infection;  that  the  puerperium  from  the  third  day  on 
did  not  differ  in  germ  content  from  the  later  period  (ninth  day); 
that  the  content  on  the  ninth  day  was  less  on  the  average  than 
earlier.     Therefore,  he  believes  that  in  the  latter  days  of  the  puer- 
perium the  uterus  cleanses  itself  from  organisms  in  a  large  propor- 
tion of  cases.     As  his  cases  were  not  selected,  there  occurred  a 
series  of  18  in  which,  one  or  more  days  after  the  culture,  there  was 
a  development  of  fever.     In  this  febrile  series,  with  the  exception 
of  5  cases,  there  had  been  found  a  growth  in  culture  before  the 
appearance  of  the  fever,  and  in  half  of  the  positive  findings  strep- 
tococci  were  demonstrated.     In  cases  in  which,  on   the  earliest 
culture,  streptococci  were  present,  there  cannot  be  a  question  of 
having  caused  the  fever  by  infection  at  the  time  of  culture,  accord- 
ing to   the  opinion  of  the  author.      Doederlein  and  Franz  also 
conclude  that  in  cases  of  streptococcic  vaginal  lochia  the  taking  of  a 
culture  is  not  a  harmless  experiment,  but  that  the  infection  is  some- 
times to  be  laid  at  the  door  of  the  culture.     Doederlein  declared 
that  the  initial  period  of  freedom  from  symptoms  before  the  taking 
of  the  culture  could  be  explained  by  the  incubation  of  the  organ- 
isms, but  Stolz  denies  this.     However,  he  does  not  deny  that  the 
presence  of  streptococci  in  the  cavum  uteri  may  be  the  cause  of  the 
development  of  fever,  without  other  reason  than  the  trauma  neces- 
sitated by  the  culture.     He  makes  the  point  that  the  danger  is 
much  less  if  the  culture  be  taken  late  in  the  puerperium,  and  states 
that  he  has  never  seen  any  difficulty  if  he  has  not  cultured  in  the 
early  days.     In  studying  the  examination  of  the  lochia  and  vaginal 
secretions  on  the  fourth  day,  he  used  a  series  of  75  cases  for  the 
uterine  lochia  and  65  cases  for  the  vaginal  secretion.     He  found 
that  the  uterine  lochia  was  positive  in  80  per  cent,  and  that  in  36.9 
per  cent,  streptococci  were  present,  while  the  vaginal  secretion  in 
27  per  cent,  gave  streptococci.     Both  these  series  were  entirely 
normal  cases.     He  concludes  as  follows  in  regard  to  the  findings  of 
the  fourth  day:  (1)  That  the  vagina  always  contains  organisms, 
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and  the  uterus  does  so  in  a  large  proportion  of  cases;  (2)  that  the 
presence  of  streptococci  in  either  situation  is  possible  without 
symptoms;  (3)  that  the  uterus  contains  fewer  germs  in  unex- 
amined cases  than  in  those  examined,  but  streptococci  are  to  be 
found  in  both  uterus  and  vagina  in  some  unexamined  cases;  (4) 
that  examination  with  sterile  hands  during  labor  has  no  apparent 
influence  upon  the  germ  content;  (5)  that  aseptic  glove  operations 
have  no  distinct  influence;  (6)  that  no  actual  increase  in  germ 
content  appears  to  be  dependent  upon  the  duration  of  labor,  but 
that  streptococci  are  relatively  increased. 

Finally,  we  would  quote  rather  extensively  from  the  paper  of 
Little,  which  appeared  while  this  paper  was  in  preparation.  Little 
came  to  the  following  conclusions:  (1)  Cultures  taken  immedi- 
ately after  labor  are  sterile  in  92  per  cent.,  or  in  96  percent,  if 
gonorrheal  cases  be  included;  bacteria  may  be  present  excep- 
tionally, even  in  the  absence  of  vaginal  examinations  during 
labor,  and  the  puerperium  may  be  normal;  the  bactericidal  power 
of  the  blood  serum  may  be  the  cause  of  a  certain  number  of 
negative  results.  (In  10  of  his  50  cases  it  was  necessary  to  intro- 
duce the  hand  into  the  uterus,  and  it  is  impossible  to  believe  that 
no  organisms  were  carried  into  the  cavity.  Of  course,  the  down- 
ward flow  after  labor  may  also  be  a  reason  for  negative  findings  in 
these  cases.)  Upon  the  third  day  he  found  sterility  present  in  62.5 
per  cent,  of  40  afebrile  cases,  as  compared  with  40  per  cent,  ster- 
ility in  10  cases  in  which  the  temperature  reached  100.6°  or  higher. 
(2)  That  the  inclusion  of  cases  in  which  gonococci  were  demon- 
strated will  increase  these  averages  to  85  per  cent,  and  50  per  cent., 
respectively.  (The  author  calls  attention  to  the  fact  that  he  has 
included  in  his  febrile  series  cases  in  which  the  temperature  rise  was 
obviously  not  due  to  any  intrauterine  cause,  and  the  lochia,  being 
sterile  in  these  cases,  or  at  least  in  some  of  them,  a  decrease  in  the 
percentage  of  the  negative  results  is  caused  in  the  afebrile  series 
and  of  the  positive  results  in  the  febrile.)  (3)  That  the  finding  of 
bacteria  in  the  cervical  canal  at  the  completion  of  labor  does  not 
necessarily  imply  their  presence  later  in  the  puerperium.  (In  one 
instance,  in  which  there  was  a  flaw  in  the  tube,  the  author  found  a 
positive  result  in  the  first  culture,  but  a  negative  one  the  third  day, 
and  admits  that  this  was  due  to  contamination  with  cervical  secre- 
tion.) 

Conclusions  based  on  the  cultures  made  on  the  seventh  day  post- 
partum were  as  follows:  (I)  Absolute  sterility  in  50  per  cent,  of  the 
afebrile  cases,  as  compared  with  20  per  cent,  of  the  febrile.  (2) 
Inclusion  of  gonococci  makes  these  averages  80  per  cent,  and  50 
per  cent.,  respectively.  (3)  Bacterial  findings  differ  more  mark- 
edly according  as  the  case  is  febrile  or  afebrile  than  by  clinical 
characteristics.  (In  5  of  this  last  series  positive  results  were  ob- 
tained in  cases  which  had  been  sterile  at  both  previous  cultures. 
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From  3  of  these  5  cases  a  diplococcus  was  obtained  which  re- 
sembled, and  was  probably  identical- with,  the  diplococcoid  forms  so 
frequently  observed  in  the  cervix  and  vagina,  and  the  author  thinks 
it  may  have  been  due  to  contamination,  since  he  admits  that  it  is 
impossible  to  get  an  absolutely  trustworthy  result  by  his  method  at 
this  stage.  In  the  2  remaining  cases  the  organisms  were  gonococci.) 
It  is  to  be  noted  that  in  20  cases  showing  bacteria  on  the  seventh 
day  of  the  puerperium  the  gonococcus  was  the  organism  in  12, 
and,  further,  that  only  2  of  the  10  febrile  cases  had  sterile  lochia  on 
the  seventh  day;  the  streptococcus  found  in  one  instance  on  the 
third  day  had  disappeared  on  the  seventh  day.  (4)  The  uterus 
has  the  power  of  self-cleansing,  and  so  the  presence  of  organisms 
on  any  day  of  the  puerperium  does  not  mean  their  continued  pres- 
ence, and  the  author  believes  that  the  results  given  by  Stolz,  who 
found  fewer  organisms  late  in  the  puerperium  that  an  at  earlier 
period,  are  to  be  thus  explained. 

The  gonococcal  findings  in  his  complete  series  of  cases  were  dem- 
onstrated in  2.5  per  cent.,  25  per  cent.,  and  30  per  cent.,  respec- 
tively, on  the  first,  third,  and  seventh  days.  His  general  conclusions 
as  regards  the  effect  of  interference  during  labor  are  as  follows: 
(1)  Laceration  of  the  cervix  and  the  perineum  have  no  bearing 
upon  the  germ  content  of  the  lochia;  and  (2)  vaginal  examinations 
have  but  slight  effect  (4  out  of  his  6  afebrile  cases  not  examined 
during  labor  showed  bacteria  in  the  lochia.  Bacillus  coli  communis 
being  found  once  and  the  gonococcus  three  times;  while  1  afebrile 
case  was  examined  six  times  in  labor  and  no  organisms  were  ever 
found  in  the  lochia.) 

Operations  to  effect  delivery  resulted  in  this  series  as  follows :  In 
his  febrile  series  there  was  one  woman  who  had  been  delivered  by 
forced  accouchement  who  showed  gonococci  in  the  lochia;  while  a 
second  one,  upon  whom  version  had  been  performed,  was  the  case 
of  streptococcic  infection.  There  were  8  others  operated  upon  in 
the  series,  and  of  them,  3  were  positive  (version,  low  forceps,  and 
induced  labor,  of  each,  1  case);  3  other  cases  showed  gonococci 
(2  low  forceps  and  1  bag  induction);  of  2  cases,  1  gave  on  the  third 
day  a  variety  of  Bacillus  dysenterise,  while  the  other  gave  Micrococcus 
aureus  and  Bacillus  pseudodiphtherise  on  the  seventh  day  (the 
first  was  a  midforceps  operation,  and  the  latter  a  case  of  version). 
The  former  of  these  last  2  is  considered  to  have  been  a  contamina- 
tion at  the  time  of  culture. 

General  Conclusions. — In  50  cases  studied  by  Little  the  uterus 
was  found  to  be  sterile  in  92  per  cent.,  50  per  cent.,  and  44  per  cent, 
on  all  three  days.  If  gonococci  be  included,  the  above  averages 
are  96  per  cent.,  72  per  cent.,  and  67  per  cent.  The  puerperium 
is  to  be  noted  as  normal  in  40  and  febrile  in  10  cases  of  this 
series.     In  the  normal  cases  there  was  absolute  sterility  in  92.5  per. 
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cent.,  62.5  per  cent.,  and  50  per  cent,,  as  compared  with  the  febrile 
series,  in  which  90  per  cent.,  40  per  cent.,  and  20  per  cent,  were 
found  to  be  sterile.  Inchiding  the  gonococcic  cases,  these  latter 
figures  would  be  95  per  cent.,  85  per  cent.,  and  70  per  cent.,  and  100 
per  cent.,  50  per  cent.,  and  50  per  cent.  The  author  considered  his 
results  as  positive  if  bacteria  were  found  only  in  smear  preparations 
or  only  in  cultures,  as  well  as  when  present  in  both.  It  is  likely, 
therefore,  that  a  certain  number  of  positive  results  were  due  to  con- 
tamination and  that  the  uterus  is  really  sterile  in  a  larger  number  of 
cases  than  these  percentages  would  indicate.  Streptococcus  was 
present  but  once — a  febrile  case,  on  the  third  day;  absent,  how- 
ever, on  the  first  and  seventh  days.  Finally,  for  purposes  of  com- 
pleteness, the  following  schedule  of  results  is  worth  including,  this 
being  taken  from  lattle's  article: 


Von  Ott        in 

d  cases  found  lochia  sterile  i 

Cwmiewski  " 

67       " 

Doederlein     " 

30       " 

Doederlein     " 

250      " 

Vogel 

15      •• 

Fnmque        " 

10     •• 

Kronig           " 

63       " 

Thonien         " 

9       *• 

Walthard       " 

20       " 

Stabler 

55       " 

Fran2 

10       " 

Burckhardt  " 

14       ■• 

Stabler 

19       •* 

Wormser       " 

100      •' 

Stols  on  the  fourth  day 

Vogel              in 

15       " 

Schauenstein  " 

100      *• 

Stols  on  the  ninth  day                      " 

Per  cent. 
.   100 
.   98 

90 
.  83 
.   80 

80 

79 

66 
.   65 

64 
0 
7 

16 

16 

19.6 
.   34 

36 
.   65 


The  importance  of  definite  and  certain  knowledge  on  this  whole 
question  cannot  be  overestimated,  because  of  its  bearing  upon  the 
general  question  of  puerperal  septic  infection  and  more  par- 
ticularly upon  the  frequency  of  auto-infection.  If  some  investi- 
gators are  correct  in  their  findings  of  pathogenic  organisms  in  a 
great  proportion  of  normal  cases  after  delivery,  it  is  very  evident 
that  the  value  of  this  method  as  an  aid  to  diagnosis  is  nothing;  and, 
moreover,  that  auto-infection  is  one  of  the  most  common  causes  of 
puerperal  sepsis,  instead  of  being,  as  is  the  general  opinion  at 
present,  one  of  the  most  rare  happenings.  Even  if  the  extreme 
position  of  Stolz  with  regard  to  the  frequency  of  positive  find- 
ings be  found  untenable,  proof  that  the  ascent  of  organisms  after 
the  first  few  days  into  the  cavity  of  the  uterus  is  a  usual  or  even  a 
moderately  frequent  event  wdll  render  useless  any  further  consid- 
eration of  this  matter,  since  the  import  of  positive  findings  in  any 
given  case  will  be  beyond  determination. 

Tlie  probability  that  streptococci  would  be  satisfied  to  act  as 
saprophytes  within  the  uterine  cavity  after  delivery  being  to  us  a 
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matter  of  grave  doubt,  together  with  the  fact  that  in  normal  cases, 
used  for  demonstration  of  the  method  before  the  class,  the  labora- 
tory reported  pure  streptococcic  cultures,  turned  our  attention 
forcibly  to  the  question  of  the  technique  employed  in  the  clinic  for 
the  collection  of  the  lochia.  It  being  a  matter  of  common  knowl- 
edge that  the  lower  vagina  in  most  cases  is  the  seat  of  bacterial 
activity,  and  that  in  a  goodly  number  the  same  condition  prevails 
in  the  cervix  and  upper  portion  of  the  vagina,  we  felt  that  the 
method  employed,  while  as  careful  as  any  then  known  to  us,  de- 
manded modification  if  it  was  to  be  worth  doing  at  all.  At  this 
time  the  ordinary  Doederlein  tube  was  employed,  sterilized  by  boil- 
ing, and  its  introduction  was  performed  with  the  usual  aseptic  pre- 
cautions. Realizing  that  introduction  without  contamination  frofii 
the  cervix  was  certainly  impossible,  if  done  several  days  after 
delivery,  and  that  it  was  improbable  at  any  time,  it  was  assumed 
that  a  positive  culture  obtained  in  a  normal  case  simply  meant  that 
there  was  bacterial  growth  somewhere  below  the  internal  os  uteri; 
while  those  in  which  this  method  gave  negative  results  simply  gave 
evidence  of  both  a  sterile  endometrium  and  an  absence  of  con- 
tamination in  the  vagina  and  cervix.  Our  attention,  therefore, 
was  directed  toward  a  modification  of  the  technique  which  would 
render  possible  the  collection  of  uterine  lochia  without  the  risk  of 
contamination  from  the  lower  canal. 

After  some  experimentation  it  was  decided  that  there  had  been 
several  weak  points  in  the  technique  which  we  had  been  in  the 
habit  of  using,  and  the  method  upon  which  the  present  findings 
are  based  was  evolved.  Its  most  important  element  (see  figure) 
is  the  use  of  a  slightly  curved  cervical  speculum,  the  distal  end 
being  closed  by  a  hinged  cap.  A  handle  of  convenient  length  is 
attached  to  render  its  introduction  more  easy.  We  do  not  claim 
originality  for  this  idea,  as,  although  at  the  time  the  fact  was  unknown 
to  us,  various  forms  of  protective  specula  have  been  employed  by 
others.  We  believe  that  our  instrument*  will  be  found  to  be  the 
simplest  as  well  as  the  most  trustworthy.  To  enable  us  to  use  the 
speculum,  we  discarded  the  typical  Doederlein  tube  and  adopted 
one  with  a  uniform  curve  and  of  small  caliber,  easily  obtained 
from  any  manufacturer. 

The  method  in  detail  is  as  follows:  The  patient  is  placed  in  the 
lithotomy  position  and  the  external  genitalia  are  carefully  cleansed 
with  tincture  of  green  soap,  water,  and  mercuric  bichloride.  A 
Sim's  speculum  is  inserted,  the  cervix  is  grasped  by  a  double  tenacu- 
lum, and  its  vaginal  portion  cleansed  with  cotton  and  bichloride 
solution.  The  metal  tube,  with  cap  closed,  is  then  inserted  into  the 
uterine  cavity.  This  tube  is  sterilized  by  pressure  and  wrapped 
in  two  coverings,  in  order  that  the  operator  may  remove  it  from  the 
inner  one  without  contaminating  his  hands.  The  glass  tube  is 
placed  within  the  metal  one  before  sterilization  and  is  not  removed 
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from  the  latter  until  the  culture  has  been  completed.  The  cap  is 
opened  by  pushing  the  glass  tube  into  the  cavity  of  the  uterus,  a 
piece  of  sterile  rubber  tubing  is  attached  to  the  proximal  end  of  the 
glass  tube,  and  as  much  lochia  as  possible  is  sucked  into  the  glass 
tube  by  means  of  a  hard  rubber  syringe.  The  glass  tube  is  then 
withdrawn  until  its  distal  extremity  is  engaged  within  the  metal  tube 
and  then  both  are  simultaneously  removed  from  the  patient.  The 
ends  of  the  glass  tube  are  sealed  with  wax  and  the  tul^e  is  sent  to  the 
laboratory.  The  points  of  paramount  importance,  in  our  opinion, 
are  the  presence  of  the  cap  upon  the  distal  end  of  the  sheath  tube 
and  the  sterilization  of  the  tubes  by  pressure  instead  of  by  boiling. 
We  also  feel  that  the  simultaneous  introduction  of  both  tubes  is 
very  important  and  that  their  simultaneous  removal  is  but  little 
less  important. 


Curved  cervical  speculum  for  taking  intra-uterine  cultures:  a,  tube  with  cap  closed 
ready  for  insertion;  b,  after  insertion,  showing  the  open  cap  and  the  projected  inner  tube 
for  collecting  the  secretions. 

As  important  as  the  collection  of  the  uterine  lochia  is  the  tech- 
nique employed  in  the  laboratory.  The  danger  of  outside  con- 
tamination, especially  from  the  tube  itself,  must  be  recognized. 
For  this  reason  the  tube  was  washed  with  a  bichloride  solution,  the 
ends  broken  off,  and  the  contents  placed  in  a  sterile  Petri-dish, 
cultures  being  made  from  this  upon  the  following  media:  (1)  Agar- 
agar  stroke  plates;  (2)  glycerin  agar  stroke  plates;  (3)  serum  agar 
stroke  plates;  (4)  bouillon  tubes;  (5)  litmus  milk  tubes  for  anaerobic 
cultures  by  Wright's  method;  (6)  glucose  agar  for  anaerobic  cul- 
tures. In  addition,  cover  slip  preparations  were  made,  two  being 
stained  with  Loffler's  stain  and  two  with  Gram's  stain. 

At  times  this  routine  method  was  deviated  from  because  of  the 
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lack  of  serum  agar.  This  medium  was  used  for  the  demonstration 
of  the  gonococcus.  It  has  been  our  experience  in  studying  the 
gonococcus  that  in  the  secretions  in  which  the  organism  could  not 
be  demonstrated  microscoically  no  growths  occurred  upon  the 
special  medium  used  for  its  cultivation,  and  that  often  it  could  be 
found  in  the  stained  specimen  without  growth  upon  the  artificial 
medium,  owing  to  the  overgrowth  of  a  mixed  culture.  For  this 
reason  we  do  not  believe  that  our  results  as  to  the  presence  of  the 
gonococcus  are  vitiated  by  the  occasional  omission  of  this  form  of 
medium.  In  this  series  the  presence  of  the  gonococcus  was  re- 
markably infrequent.  We  believe  this  to  be  due  to  the  technique, 
which  eliminated  cervical  contamination  and  proved  conclusively 
to  our  minds  an  already  formed  opinion  that  gonorrheal  endome- 
tritis is  a  much  rarer  condition  than  is  generally  thought.  We  do 
believe,  however,  that  this  organism  is  present  and  persists  for  a 
long  time  in  the  cervix,  often  acting  as  the  forerunner  of  septic 
infection.  Two  of  the  cases  in  this  series  showed  the  presence  of  the 
gonococcus;  the  streptococcus  was  also  found.  The  frequency 
with  which  the  gonococcus  has  been  found  by  other  observers  we 
believe  to  be  due  to  cervical  contamination. 

In  determining  the  qualifications  of  a  normal  case,  we  have  dif- 
fered from  some  of  the  other  investigators  in  this  field.  We  have 
taken  no  note  of  lacerations  of  either  the  cervix  or  the  perineum, 
the  duration  of  the  labor,  the  number  of  vaginal  examinations,  the 
parity  of  the  woman,  or  the  presence  of  evanescent  temperature, 
unless  the  latter  has  been  shown  clearly  to  be  dependent  upon 
pathological  conditions  in  the  generative  tract.  In  other  words, 
we  have  classified  a  case  as  normal  if  there  has  been  no  instrumental 
interference  in  labor,  if  the  hand  has  not  been  introduced  into  the 
uterus,  if  gauze  has  not  been  introduced  into  the  uterus  or  vagina,  and 
if  no  douches  have  been  given,  if  there  has  been  no  retention  of  con- 
siderable portions  of  the  placenta  or  membranes,  and  if  no  altera- 
tion of  the  odor  or  appearance  of  the  lochia  has  occurred.  In  short, 
we  use  the  term  normal  as  descriptive  of  the  most  common  partu- 
rient state.  We  believe  that  by  so  doing  we  are  likely  to  reach  more 
valuable  conclusions  than  by  more  closely  restricting  ourselves  in 
our  selection  of  cases  for  study,  since  the  important  fact  for  deter- 
mination is  the  bacterial  content  of  the  uterus  in  the  type  of  case 
most  usually  met  with  in  actual  practice. 

With  regard  to  the  value  of  the  intra-uterine  culture  as  an  aid  to 
diagnosis,  we  feel  that  it  is  a  method  which  should  not  be  neglected 
in  the  routine  study  of  infected  cases,  at  least  in  institutions  having 
the  advantage  of  well  equipped  laboratories  of  bacteriology.  The 
technique  as  regards  asepsis  is  more  exacting  than  that  required 
for  successful  blood  culture,  since  the  vagina  and  cervix,  with  their 
bacterial  flora,  must  be  traversed  in  obtaining  the  intra-uterine 
culture.     If  a  suitable  technique  be  followed,  we  are  confident  that 
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tlie  results,  as  a  whole,  will  well  repay  the  time  s|x;nt  in  the  pro- 
cedure; but  we  do  not  desire  to  be  understood  as  affirming  our 
belief  that  the  method  is,  ixs  it  was  formerly  thought,  a  sovereign 
means  of  diagnasticating  the  presence  or  absence  of  infection  in  all 
cases.  We  have,  for  instance,  four  records  not  included  in  this 
paper,  in  which  in  cases  afterward  proved  to  be  septic,  the  intra- 
uterine findings  were  negative.  That  such  an  occurrence  will  take 
place  as  a  matter  of  course,  more  or  less  often  in  a  series  of  exami- 
nations of  septic  cases,  must  be  evident  to  anyone  who  will  consider 
the  varied  manifestations  of  septic  processes  during  the  puerperium. 
On  the  other  hand,  the  relative  rarity  of  this  negative  finding  in 
the  presence  of  septic  infection  offers  valuable  evidence  as  to  the 
general  utility  of  the  method. 

Taken  in  connection  with  the  studies  upon  the  bacteriology'  of 
the  blood  which  have  been  made  in  our  clinic,  we  feel  justified  in 
making  the  following  statements:  (1)  If  both  blood  and  intra- 
uterine cultures  are  negative,  the  temperature  is  due  to  some  inter- 
current condition;  (2)  if  the  intra-uterine  culture  is  positive,  but 
the  blood  culture  is  negative,  we  consider  the  infection  to  be  still 
local  in  its  manifestations;  and  (3)  if  the  intra-uterine  culture  is 
negative  but  the  blood  culture  is  positive — a  very  unusual  condi- 
tion— we  are  justified  by  our  general  conclusions  in  considering 
that  the  case  is  one  of  general  infection,  the  local  endometrial  con- 
dition having  been  either  sterile  from  the  first  or  having  become  so 
gradually  after  the  general  infection  developed. 

It  will  be  noted  that  we  have  classified  6  cases  as  normal  which 
have  given  cultures  in  the  lochia,  and  that  we  have  explained  the 
grow^th  in  them  by  errors  in  technique.  We  feel  that  this  demands 
a  fuller  explanation  in  order  that  we  may  be  entirely  intelligible. 
It  is  necessary  that  it  be  clearly  understood  in  the  first  place  that 
these  6  cases  do  not  include  by  any  means  all  the  cases  in  which 
there  was  a  departure  from  the  method  described  in  the  first  part  of 
this  paper.  In  each  instance  any  such  departure  was  noted  at  the 
time  the  culture  was  made,  and  these  are  the  only  cases  associated 
with  technical  error  in  which  a  growth  was  obtained.  In  the 
greater  number  of  cases,  however,  in  which  accidental  departures 
from  the  technique  occurred,  without  cultural  results,  the  variation 
was  trivial,  being  simply  noted  for  reasons  of  scientific  accuracy. 
In  the  6  cases  mentioned  the  variations  in  the  method  were  of  a 
nature  to  give  expectation  of  the  probability  of  vaginal  or  cervical 
contamination.  It  is  also  quite  true  that  the  same,  or  as  grave, 
errors  were  made  in  a  few  cases  which  did  not  show  positive  results 
in  the  culture ;  and  this  emphasizes  our  claim  that,  w^hile  a  technique 
as  rigid  as  ours  may  not  aways  be  necessary  to  obtain  satisfactory 
results  in  each  indi\'idual  case,  still,  if  error  has  been  made  in  tech- 
nique, it  is  manifestly  unfair  to  consider  positive  findings  as  evidence 
of  intra-uterine  infection. 
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To  consider  these  6  cases  from  the  standpoint  of  actual  the  error 
occurring  in  each  case: 

Case  XXXIV. — The  first  culture  showed  Micrococcus  aureus  and 
magnus  and  Bacillus  xeroides.  The  case  was  used  for  demon- 
stration, the  tube  accidentally  slipping,  whereby  vaginal  secretion 
was  inspirated. 

Case  XX. — First  culture  sterile;  second  culture  gave  Micrococcus 
albus.  Here  the  variation  consisted  in  the  omission  of  the  Sim's 
speculum  in  the  introduction  of  the  tube,  it  being  guided  into  the 
cervix  by  the  finger  in  the  vagina. 

Case  LI. — In  this  case  the  first  culture  was  sterile,  while  the 
second,  taken  by  an  assistant,  showed  a  growth.  Micrococcus 
aureus.  In  both  instances  the  variation  in  technique  was  identical, 
the  vaginal  speculum  being  omitted.  From  our  knowledge  of 
the  ease  of  contamination,  we  consider  that  this  second  culture  was 
contaminated  by  lack  of  care  upon  the  part  of  a  man  inexperienced 
in  the  method.     W'e  admit  that  this  contention  is  not  proved. 

Case  XXIV. — But  one  culture  was  made,  and  this  gave  the 
streptococcus  and  the  colon  bacillus.  In  this  instance  the  Sim's 
speculum  prevented  sufiicient  depression  of  the  tube  to  enable  it  to 
pass,  so  the  former  was  discarded  and  the  tube  was  passed  by 
guidance  of  the  finger.  During  the  short  time  elapsing  between  the 
introductions,  the  tubes  were  both  placed  in  the  instrument  tray, 
which  was  an  additional  source  of  possible  infection. 

Case  LIV, — Tube  was  introduced  by  guidance  of  a  finger  in  the 
vagina.  In  addition,  the  tube  was  sterilized  by  boiling  instead  of 
by  pressure. 

Case  LV. — ^Tube  was  introduced,  as  in  the  last  case,  and,  in 
addition,  the  cap  of  the  metal  tube  opened  while  it  was  in  the  vagina 
during  the  introduction. 

It  is  to  be  noticed  that  the  omission  of  the  Sim's  speculum  was 
noted  in  each  instance  in  which  in  a  normal  case  a  growth  was 
recorded.  In  two  instances  there  were  other  factors  present  which 
would  have  been  sufiicient  to  cause  contamination — in  one  case  the 
protective  cup  was  open  during  introduction,  while  in  the  other 
both  tubes  lay  for  several  minutes  in  an  instrument  tray  the  sterility 
of  w^hich  during  that  period  must  be  considered  doubtful. 

Because  of  difficulties  inherent  to  the  work  it  was  not  possible, 
and,  indeed,  it  did  not  seem  desirable,  to  culture  each  case  upon 
the  same  day  of  the  puerperium,  so  we  have  divided  the  cultures 
into  three  periods.  We  have  further  divided  the  whole  list  of 
cases  under  various  headings,  as  follows : 
A.  Clinically  normal  cases: 

1.  Cultures  during  first  period   (first  to  third  day),  34  in 

number;  all  sterile. 

2.  Cultures  during  second  period  (fourth  to  seventh  day), 

29  in  number;  all  sterile. 
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3.  Cultures  during  the  third  period   (eighth  to  thirteenth 
day),  18  in  number;  all  sterile. 

B.  Clinically  normal  cases  with  errors  in  technique  and  positive 

results : 

1.  Cultures  during  first  period,  2  in  number. 

2.  Cultures  during  second  period,  1  in  number. 

3.  Cultures  during  third  period,  3  in  number. 

(All  of  these  cases,  with  one  exception,  in  which  but  one  culture 
was  taken,  showed  negative  results  from  other  cultures  made  without 
error.) 

C.  Clinically  abnormal  cases : 

(a)  Forceps  (in  excavation  or  at  outlet),  5  cases. 

1.  Cultures  during  first  period,  4  in  number;  all 

sterile. 

2.  Cultures  during  second  period,  3  in  number;  all 

sterile. 

3.  Cultures  during  third  period,  1  in  number;  all 

sterile. 

(b)  Douches  (intra-uterine),  1  case: 

1.  Cultures    during    first    period,    1    in    number; 
i  sterile. 

2.  Cultures   during    third    period,    1    in    number; 

sterile. 

(c)  Manual  removal  of  placenta,  1  case. 

1.  Cultures    during    first    period,    1    in    number; 

growth. 

2.  Cultures  during  third  period,  1  in  number;  sterile. 

(d)  Craniotomy,  2  cases: 

1.  Cultures    during    first    period,    1    in    number; 

growth. 

2.  Cultures  during  second  period,  2  in  number; 

growth. 

(e)  Version  for  placenta  prsevia  (macerated  foetus) : 

1.  Cultures  during  second  period,   1   in  number; 

sterile. 

2.  Cultures   during    third    period,    1    in    number; 

sterile. 
(/)  Uterine  packing: 

1.  Cultures  during  second   period,   1   in  number; 
sterile. 

D.  Intercurrent  disease: 

Typhoid  fever  (blood  positive). 

1.  Cultures  in  third  period,  1  in  number;  sterile. 

E.  Gonorrhoea: 

1.  Cultures  during  first  period,  3  in  number;  all  positive. 

2.  Cultures  during  second  period,  2  in  number;  1  positive. 

3.  Cultures  during  third  period,  1  in  number;  positive. 
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One  case,  positive  in  the  first  and  third  periods,  was  unassociated 
with  other  organisms.  In  this  case  blood  examinations  were  nega- 
tive, but  a  mammary  abscess  and  gonorrhoea!  rheumatbm  were 
complications, 

llie  second  case,  positive  in  the  first  and  second  periods,  was  Asso- 
ciated with  Micrococcus  aureus  in  both  cultures;  while  the  third 
case,  positive  at  the  first  culture  and  associated  with  streptococci, 
was  negative  in  the  second  period  and  also  sterile  at  this  time. 
F.  Septic  cases  (3) : 

1.  Cultures  during  first  period,  2  in  number;  positive. 

2.  Cultures  during  second  period,  2  in  number;  positive. 

3.  Cultures  during  third  period,  1  in  number;  positive. 
(Cultures  not  taken  of  third  case  during  first  or  second  period.) 

Blood  cultures  were  positive  in  2  of  the  above  cases,  and  were  not 
taken  in  the  third  case. 


GENERAL  CONCLUSIONS. 

1.  The  uterine  lochia  is  sterile  in  normal  cases  throughout  the 
puerperium. 

2.  Streptococci  are  never  present  within  the  cavum  uteri  without 
causing  symptoms. 

3.  In  a  few  instances  non-pathogenic  germs  may  be  found  in  cul- 
tures in  afebrile  cases,  but  there  is  every  reason  to  believe  that  their 
presence  is  really  the  result  either  of  contamination  during  the 
extraction  of  the  lochia  or  of  their  introduction  during  obstetric 
manipulation. 

4.  Ascendance  of  the  gonococcus  is  an  event  of  comparative 
rarity,  though  the  frequency  of  this  organism  would  of  itself  give 
reason  to  expect  otherwise. 

5.  Infection  of  the  endometrium  is  an  ever  present  danger  in  cul- 
turing  within  a  few  days  of  delivery. 

6.  A  study  of  the  bacterial  content  of  the  puerperal  uterus  is  of 
great  importance  as  a  subsidiary  means  of  diagnosing  septic  infec- 
tion following  delivery. 

7.  As  nearly  as  may  be,  a  technique  should  be  adopted  which 
will  prevent  contamination  during  the  removal  of  the  lochia  in  order 
to  avoid  a  vitiated  result. 


Reprinted  from  the  University  of  Pennsylvania  Medical  Bulletin, 
November,  1908. 


THE  BACTERICIDAL  PROPERTY  OF  MILK/ 

By  Joseph  S.  Evans,  M.D., 

AND 

Thomas  A.  Cope,  M.D. 

(From  the  William  Pepper  Laboratorj-  of  Clinical  Medicine, 
University  of  Pennsylvania  ) 


It  has  been  the  experience  of  many  obseners  in  the  study 
of  the  relative  number  and  increase  of  bacteria  in  unheated 
and  pasteurized  milk,  that  the  microorganisms  increase 
more  rapidly  in  the  latter  than  in  the  former.  This  phenom- 
enon might  be  due  to  one  of  two  factors:  either  an  antag- 
onistic action  of  one  species  of  microorganisms  toward 
another  in  a  favorable  medium  containing  a  mixed  bacterial 
flora,  as  is  usually  the  case  in  raw  milk  and  not  in  the  heated 
milk,  or  an  inhibitory  or  bactericidal  propertA-  of  milk  which 
is  destroyed  at  68°  C,  the  pasteurizing  temperature,  or  to 
both  of  these. 

Since  the  time  that  Buchner  discovered  the  bactericidal 
power  of  blood  serum  which  he  attributed  to  a  ferment 
(alexine),  followed  by  the  demonstration  of  this  activity-  in 
ascitic  and  hydrocele  fluids  and  in  the  urine,  and  the  finding 
of  antitoxin  in  the  milk  of  mothers  suffering  vnth  diphtheria, 
it  has  been  the  effort  of  several  investigators  to  determine 
the  presence  or  absence  of  such  a  property'  in  the  milk  of 

*  Read  before  the  Philadelphia  Pediatric  Sodety,  May  9,  1905. 


lower  animals.  This  work  has  been  more  or  less  stimulated 
by  clinical  observations,  for  it  was  found  that  infants  nursing 
upon  sterilized,  and  probably  upon  pasteurized,  milk  did 
not  exhibit  the  same  powers  of  resistance  as  did  those  fed  at 
the  breast  or  upon  raw  milk.  There  has  been  a  tendency 
to  attribute  this  to  an  inherent  property  of  fresh  milk  which 
is  theremolabile  and  consequently  destroyed  at  the  sterilizing 
and  pasteurizing  temperatures. 

Because  of  the  failure  of  chemistry  to  measure  the  quantity 
and  nature  of  ferments  in  the  blood,  the  most  natural  method 
for  their  demonstration  in  milk  was  the  same  as  had  been 
employed  in  the  earlier  work  upon  the  blood.  Fokker^ 
performed  a  series  of  experiments  with  the  view  of  testing  the 
increase  of  acidity  and  the  rapidity  of  coagulation  in  speci- 
mens of  the  same  milk,  heated  and  unheated.  He  obtained 
what  he  considered  sterile  milk,  although  apparently  he  did 
not  make  control  cultures  to  confirm  this,  and  seeded  speci- 
mens of  the  raw  and  sterilized  article  with  rapidly  forming 
lactic-acid  organisms  originally  obtained  from  milk.  He  found 
that  acid  formed  and  coagulation  was  produced  much  more 
rapidly  in  the  sterilized  milk  than  in  the  raw  milk,  and  conse- 
quently concluded  that  the  latter  possessed  an  inhibitory 
activity  similar  to  that  of  blood  serum.  He  beheved  that  the 
lactalbumen  of  the  milk  possessed  this  germicidal  activity 
which  when  heated  not  only  lost  the  property  but  became  a 
favorable  culture  medium  similar  to  the  albumen  of  the  blood 
serum  and  to  egg  albumen.  Basenau^  criticises  Fokker's 
work  as  die  result  of  his  own  experiments.  Using  the 
Bacillus  bovis  morbificans,  he  compared  its  relative  growth 
upon  fresh  milk  and  upon  bouillon.  He  concluded  that  not 
only  did  milk  possess  no  bactericidal  property,  but  that  it  was 
just  as  favorable  a  medium  for  the  growth  of  this  organism 
as   was   bouillon.     To   our  minds,  Basenau's  work  was  in- 

'  Centralblatt  f.  Bakt.  und  Parasitkunde,  Nr.  31. 
'  Archiv  f .  Hygiene,  vol.  xxiii,  1895. 


sufficient,  for  it  only  tested  the  comparative  culture  prop- 
erties of  fresh  milk  and  bouillon  for  one  organism,  and  did 
not  determine  its  relative  growth  upon  heated  milk. 

Hesse'  experimented  with  the  Bacillus  t^-phi  and  the  Vibrio 
choleras.  He  concluded  that  fresh  cow's  milk  is  not  only 
no  nutritive  medium  for  the  Vibrio  cholerae,  but  that  the 
organism  rapidly  dies  in  it;  that  the  destruction  b^ns  the 
instant  the  organisms  are  introduced  and  is  almost  complete 
in  twelve  hours  at  a  temperature  of  15°  to  20°  C,  and  in  from 
six  to  eight  hours  at  a  temperature  of  37.5°  C. ;  that  the  destruc- 
tion is  independent  of  the  acid  content  of  the  miUc  or  of  the 
germ  content  and  their  metabolic  products,  but  is  rather  a 
living  activity  of  milk  which  is  destroyed  at  100°  C;  that 
cow's  milk  possesses  the  same  property  toward  the  Bacillus 
tN-phi.  Basenau's'  work,  however,  led  him  to  draw  exactly 
opposite  conclusions.  He  inoculated  a  specimen  of  cow's 
milk  almost  free  from  bacteria,  and  at  the  same  time  a  speci- 
men containing  a  lai^e  mixed  bacterial  flora,  ^sith  cholera 
organisms.  He  found  in  the  former  specimen  that  the  vibrio 
increased  much  more  rapidly  than  it  did  in  the  latter  specimen. 
He  also  found  that  the  oi^anism  remained  aUve  for  at  least 
thirty-two  hours  both  at  37.5°  C.  and  at  20°  C.  Therefore 
he  believed  that  the  apparent  bactericidal  activity  claimed 
by  Hesse  was  due  to  the  acid  forming  microorganisms 
normally  found  in  milk,  and  that  the  gradual  disappearance 
of  the  vibrio  was  due  to  the  increase  of  acidity,  von  Heim' 
also  found  that  the  Vibrio  cholerae  was  demonstrable  six  days 
after  inoculation  and  possessed  developmental  activity  in  raw 
and  self-soured  market  milk. 

Moro*  was  unable  to  demonstrate  any  germicidal  activity 
in  cow's  or  mother's  milk,  but  did  find  that  the  blood  serum 
of  breast-fed  children  possessed  a  greater  bactericidal  power 

'  Zeitschrift  f .  Hygiene  und  Infectkrankheiten.  Band,  xviii,  1894. 
'  Loc.  cit. 

*  Arbeiten  aus  dem  Kaiserlicbe  Gesundheitsamte,  Band  v. 

*  .\rchiv  f.  Kinderheilkunde,  Band,  xxxiii. 


than  that  of  those  artificially  fed.  Cozzolino^  tested  the 
growth  of  the  Bacillus  coli  communis  in  cow's,  goat's,  ass', 
and  mother's  milks.  He  attempted  to  sterilize  the  milks  at  a 
low  temperature  by  heating  them  an  hour  each  day  for 
eight  days  at  55°  to  58°  C,  at  which  temperature  the  lact- 
albumen  was  not  coagulated.  The  sterilization,  however,  was 
not  complete  since  the  bacterium  mesentericus  vulgatus  and 
a  sarcina  remained  in  small  amounts.  He  observed  with 
great  regularity  a  marked  destruction  of  the  bacterial  content 
in  women's  milk  and  a  more  transient  and  variable  inhibition 
in  other  milks.  After  forty-eight  hours  the  phenomenon 
disappeared.  Klem^  and  EUenberger^  both  found  that  ass' 
milk  was  a  poorer  medium  for  organisms  than  the  other  milks. 
They  considered  that  it  must  possess  a  bactericidal  property, 
since  it  could  be  obtained  germ-free  so  easily.  On  this 
account,  EUenbei^er  recommended  its  use  in  the  gastro- 
intestinal catarrh  of  nursing  children.  Schlegel  found  that 
ass'  milk  remained  sterile  twenty-four  hours  after  milking, 
and  drew  the  same  conclusion  as  did  the  preceding  authors. 

Klimmer*  found  that  the  ordinary  milk  bacteria  increased 
very  quickly  in  both  ass'  and  cow's  milks,  and  was  unable 
to  demonstrate  any  bactericidal  activity  in  them  against  the 
Bacillus  coh  communis  or  the  Bacillus  typhi. 

Richtet  found  that  fresh  milk  by  the  addition  of  a  definite 
quantity  of  lactic  acid  forming  organisms  coagulated  sooner 
than  steriUzed  milk  treated  in  the  same  manner.  This  directly 
opposed  the  findings  of  Fokker,^  who  explained  it  as  a  probable 
property  of  the  serum  albumen  of  sterilized  milk,  whereby  it 
might  act  as  an  inhibitory  agent  to  the  bacteria  of  one  species, 
while  it  was  a  favorable  medium  for  others.  Following  this 
Une  of  investigation  Sommerfeld®  attempted  to  determine  the 

^  Archiv  f.  Kinderheilkunde,  Band,  xxxiii. 

^  Jahrbuch  f .  Kinderheilkunde,  Band  xliii. 

^  Archiv  f.  Anatomie  und  Physiolog.  Abtheil.,  1899,  Separatabzug. 

*  Archiv  f .  Kinderheilkunde,  Band  xxxvi, 

*  Loc.  cit. 

'  Central blatt  f.  Bakteriologie  und  Parasitenkunde,  Nr.  37. 


question  by  isolating  the  lactglobulin  and  lactalbumen  by 
passing  the  milk  through  a  Pukal  stone  filter  and  testing  their 
germicidal  activity.  He  performed  six  experiments  with  the 
Bacillus  typhi  and  the  Bacillus  coli  communis,  and  con- 
cluded that  tlie  soluble  albumens  of  the  milk  had  no  germi- 
cidal activity  eitlier  at  room  or  incubator  temperature. 

Basenau,  whose  work  has  already  been  mentioned,  also 
attempted  to  determine  whether  or  not  the  milk  while  in  the 
cistern  of  the  udder  had  an  inhibitor}'  action  upon  bacteria, 
and  at  tlie  same  time  endeavored  to  determine  whether 
animals  suffering  with  a  bacterial  disease  secreted  the  organ- 
ism in  the  milk.  He  found  that  animals  suffering  with  such 
a  disease  do  not  secrete  the  organisms  in  the  milk,  although 
they  may  be  demonstrated  in  the  circulating  blood,  until  the 
animals  exhibit  marked  clinical  symptoms  of  the  disease. 
In  these  experiments,  as  already  stated,  he  was  unable  to 
discover  any  appreciable  inhibition  of  milk  upon  bacteria. 

Finally,  Hunsiker,^  after  a  very  carefully  planned  and 
exhaustive  set  of  tests  to  determine  the  practical  value  of  a 
germicidal  property  of  milk  as  r^ards  the  keeping  quality  of 
the  market  product,  concluded  that  freshly  drawn  milk  of  most 
cows  contains  vanning  germicidal  qualities;  that  the  d^ree  of 
the  germicidal  action  varies  greatly  in  the  milk  of  different 
animals,  and  sometimes  in  the  milk  of  the  same  animal  taken 
at  different  milkings;  that  the  bactericidal  influence  differs 
at  different  temperatures,  appearing  to  be  greatest,  while  it 
lasts,  at  70°  F.,  being  less  pronounced  but  of  longer  duration 
at  lower  temperatures;  that  at  70°  F.  the  maximum  duration 
was  twelve  hours,  the  average  being  from  three  to  six  hours; 
that  heat  is  detrimental  to  this  germicidal  agent,  milk  sub- 
jected to  a  temperature  of  149°  F.  for  forty  minutes  losing 
all  such  activity. 

This  resume  of  the  literature  upon  the  subject  places  one 
in  the  position  of  doubt,  because  of  the  apparently  contradic- 

*  Cornell  University  Agricultural  Experiment  Station,  1901,  Bulletin 
197. 


tory  conclusions.  We  believe  that  the  varying  results  are  due 
to  different  conceptions  of  the  question  and  the  consequent 
variation  in  the  methods.  None  of  the  investigators  em- 
ployed an  absolutely  sterile  milk  and  was  enabled  thereby  to 
exclude  the  question  of  bacterial  antagonism.  Some  com- 
pared the  growth  of  a  single  organism  in  fresh  milk  containing 
a  mixed  bacterial  flora  with  the  growth  in  sterile  bouillon, 
without  determining  its  growth  in  heated  milk.  Others 
compared  the  growth  of  a  mixed  bacterial  flora  in  fresh  and 
heated  milk  without  testing  the  growth  of  the  same  in  sterile 
bouillon.  While  this  omission  is  not  of  so  serious  import  as 
the  former,  yet  one  is  unable  to  exclude  the  question  of 
bacterial  antagonism  or  temporar)-  inhibition  which  might 
be  due  to  osmosis.  To  our  minds,  conclusions  drawn  from 
such  experiments  are  of  little  value. 

With  these  errors  in  mind  we  attempted  to  make  examina- 
tions along  the  same  line  as  we  had  been  using  in  determining 
the  bactericidal  power  of  blood  serum.  In  order  to  accom- 
plish this  it  was  necessary  first  of  all  to  obtain  sterile  milk. 
The  temperature  we  believed  should  be  the  optimum  for 
the  microorganisms  used,  and  in  testing  such  organisms  they 
must  be  used  individually  and  in  pure  culture.  In  this  way 
we  attempted  to  exclude  the  possibility  of  bacterial  antag- 
onism and  the  inhibitory'  effect  of  temperature  upon  bacteria 
themselves. 

The  method  employed  in  obtaining  the  milk  was  as  follows : 
A  sixteen-ounce  bottle  was  fitted  with  a  rubber  cork  containing 
openings  for  and  fitted  with  two  glass  tubes,  one  for  the 
intake  of  millv,  the  other  for  the  air  outlet.  The  latter  was 
plugged  with  raw  cotton  while  to  the  other  was  attached 
rubber  tubing  of  the  proper  size  and  length.  At  the  end  of 
this  tube  was  attached  a  German-silver  milking  cannula  which 
was  placed  in  a  test  tube  securely  stoppered  with  raw  cotton. 
This  apparatus  was  then  sterilized  at  thirty  pounds'  pressure. 
The  udder  and  teats  of  the  cow  (which  from  her  life  history 
had   always   been   perfectly   healthy   and  free  from   udder 


infection)  were  thoroughly  cleansed  with  soap  and  water,  then 
with  alcohol  folio we<l  by  a  1  to  2000  solution  of  bichloride  of 
mercun',  and  finallv  with  sterile  water.     Al)out  half  tlie  milk 


Fig.  1 


was  stripped  from  each  quarter  of  the  udder  and  the  teats 
again  sterilized,  especial  attention  being  given  to  the  meatus. 
The  cannula  was  introduced  into  the  teat,  care  being  taken  to 


avoid  air  contamination,  and  the  milk  was  drawn  quickly  into 
the  bottle,  which  was  then  stoppered  with  sterile  raw  cotton. 

The  milk  was  then  divided  among  flasks,  25  c.c.  to  each. 
Several  of  these  flasks  were  set  aside  at  incubator,  room,  and 
refrigerator  temperatures  as  controls. 

One  set  of  flasks  was  kept  at  room  temperature  for  the 
"raw-milk"  specimens,  another  set  heated  at  55°  C.  for 
thirty  minutes,  another  set  heated  at  68°  C.  for  twenty  minutes, 
another  set  heated  at  100°  C.  for  thirty  minutes,  and  another 
frozen  solid  and  then  quickly  melted.  After  all  of  the  speci- 
mens had  been  brought  to  room  temperature,  series  com- 
posed of  two  flasks  of  each  specimen  were  separately  inocu- 
lated with  the  following  microorganisms:  Streptococcus 
pyogenes,  Micrococcus  aureus,  Bacillus  coli  communis. 
Bacillus  acidi  lactici,  and  Bacillus  subtilis.  One  set  of 
inoculated  flasks  was  kept  at  incubator,  the  other  at  refriger- 
ator temperature.  Counts  were  made  immediately  after 
inoculation  at  the  end  of  four,  eight,  twelve,  and  twenty- 
four  hours,  and  the  percentage  of  increase  or  decrease  was 
noted.  The  specimens  kept  at  refrigerator  temperature 
showed  widely  varjdng  results  as  to  their  bacterial  content. 
As  this  was  true  in  the  bouillon  as  well  as  the  milk  cultures, 
we  concluded  that  any  inhibition  exhibited  in  these  specimens 
was  due  to  temperature  and  not  to  any  property  of  the  milk. 
Therefore  we  have  not  incorporated  these  counts  in  our 
report. 

The  following  tables  (I,  II,  III,  IV,  V),  showing  the  numeri- 
cal variations  and  changes  in  the  physical  characteristics  of 
the  specimens,  and  the  charts  (I,  II,  III,  IV,  V),  indicating 
graphically  the  percentage  variations,  show  the  result  of  our 
investigations. 
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Streptococcus  Pyogenes.  At  the  end  of  four  liours 
the  bacterial  content  of  the  unheated  milk  had  decreased 
3.5  per  cent.,  that  of  the  milk  heated  to  55°  C,  20  percent., 
that  of  the  frozen  milk  7  per  cent.,  while  the  pasteurized  and 
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Chart  I 


sterilized  milks  had  an  increase  in  their  bacterial  content  of 
25  per  cent,  and  10  per  cent,  respectively,  the  bouillon  con- 
trol increasing  6  per  cent.  At  the  end  of  eight  hours  this 
wide  variation  in  the  percentages  of   increase  disappeared. 
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We  conclude,  therefore,  that  against  the  Streptococcus 
pyogenes,  raw  sterile  milk  possesses  an  actual  germicidal 
activity  which  is  destroyed  by  heating  at  or  above  68°  C. 
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Chart  II 

Staphylococcus  Aureus.  At  the  end  of  four  hours  the 
number  of  bacteria  in  raw  miUc  had  decreased  about  20  per 
cent;  the  milk  heated  to  100°  C.  showed  an  increase  of  100 
per  cent,  in  bacterial  content;  in  that  heated  to  68°  C.  there 
was  an  increase  of  between  10  per  cent,  and  20  per  cent.;  in 
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that  heated  to  55°  C.  there  was  found  an  increase  of  4  per  cent., 
while  in  that  frozen  there  was  an  increase  of  40  per  cent. 
The  bacterial  increase  in  the  bouillon  control  was  1  per  cent. 
Therefore  we  conclude  that  against  the  Micrococcus  aureus 
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raw  sterile  milk  possesses  an  actual  germicidal  activity; 
which  is  destroyed  by  heating  at  or  above  55°  C.  or  by  freezing, 
that  milk  so  treated  is  a  better  medium  for  the  growth  of 
the  micrococcus  than  bouillon;  that  at  the  end  of  eight  hours 
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the   germicidal    activity    disappears    and    the    micrococcus 
develops  in  the  same  ratio  in  the  different  specimens. 

Bacillus  Coli  Communls.     At  the  end  of  four  hours 
this  oi^anism  decreased  40  per  cent,  in  the  count  in  raw 
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sterile  milk,  while  it  increased  10  per  cent,  25  per  cent., 
100  per  cent.,  and  2000  per  cent,  respectively  in  the  counts 
in  the  milk  heated  at  55°  C,  the  bouillon  control,  the  milk 
heated  at  68°  C,  and  the  milk  heated  at  100°  C.      At  the 
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end  of  eight  hours  the  bacterial  content  increased  rapidly, 
the  raw  milk,  however,  showing  the  smallest  ratio  of  increase. 
At  the  end  of  twenty-four  hours  there  was  very  Httle  difference 
in  the  percentages  of  increase  in  the  various  specimens.     From 
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this  we  conclude  that  against  the  Bacterium  coli  communis, 
raw  sterile  milk  possesses  an  actual  germicidal  activity  which 
is  destroyed  by  heating  at  or  above  55°  C,  and  which  is  lost 
at  the  end  of  eight  hours. 
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Bacillus  Acidi  Lactici.  At  the  end  of  four  hours  this 
organism  showed  an  increase  of  6  per  cent.,  55  per  cent., 
250  per  cent.,  1000  per  cent.,  3500  per  cent.,  and  2500  per 
cent,  respectively  in  the  bacterial  content  of  the  raw  sterile 
milk,  the  frozen  milk,  the  milk  heated  at  55°  C,  the  milk 
heated  at  68°  C,  the  milk  heated  at  100°  C,  and  the  bouillon 
control.  We  conclude,  therefore,  that  against  Bacillus 
acidi  lactici,  raw  sterile  milk  possesses  only  an  inhibitory 
activity,  which  lasts  from  four  to  eight  hours,  and  whicii  is 
destroyed  by  freezing  and  heating  at  or  over  55°  C. 

Bacillus  Subtilis.  At  the  end  of  four  hours  this  oigan- 
ism  showed  an  increase  of  5.5  per  cent,  2.5  per  cent,  20  per 
cent.,  85  per  cent.,  450  per  cent.,  and  60  per  cent,  respectively 
in  the  bacterial  content  of  the  raw  sterile  milk,  the  milk 
heated  at  55°  C,  the  frozen  milk,  the  milk  heated  at  68°  C, 
the  milk  heated  at  100°  C,  and  the  bouillon  control.  Hence 
we  conclude  that  against  the  Bacillus  subtilis,  raw  sterile 
milk  possesses  an  inhibitory  activity  which  lasts  from  four 
to  eight  hours,  and  which  is  destroyed  by  heating  at  or  above 
68°  C. 

Each  of  the  organisms  used  in  this  experiment  were  isolated 
from  milk  by  Dr.  D.  H.  Bergey,  to  whom  we  are  indebted 
for  the  subcultures. 

One  thing  is  noticeable  in  comparing  the  results  obtained 
with  the  different  organisms,  namely,  that  toward  those 
organisms  which  are  pathogenic,  and  to  which  the  cow  is 
especially  open  to  infection,  the  milk  exhibits  an  actual 
germicidal  activity,  while  toward  the  non-pathogenic  organ- 
isms there  is  only  an  inhibitory  activity.  This  condition  we 
know  exists  in  the  human  blood  serum,  i.  e.,  toward  those 
organisms  to  which  the  human  race  is  ever  open  to  infection 
there  is  an  actual  germicidal  activity;  for  example,  against 
the  Bacillus  typhosus,  the  Bacillus  coli  communis,  the  Strep- 
tococcus pyogenes,  and  the  Micrococcus  aureus,  while  the 
saprophytic  organisms  are  apt  to  flourish  in  undiluted  serum. 
This  makes  us  feel  that  the  degree  of  bactericidal  activity 
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present  in  any  specimen  of  milk  must  depend  upon  the 
degree  of  resistance  in  the  animal,  and  that,  therefore,  in 
examining  a  number  of  specimens  taken  from  different  cows 
one  must  expect  to  find  a  great  variation  in  results.  In  the 
herd  from  which  the  cow  used  in  this  experiment  was  selected, 
there  had  been  a  persistent  under  infection  due  to  the  Strepto- 
coccus pyogenes  and  the  Micrococcus  aureus,  which  had 
attacked  about  80  per  cent,  of  the  animals.  Therefore  this 
cow  with  about  twenty  others  may  have  possessed  sufficient 
resistance  to  overcome  the  infection  to  which  they  were 
subjected  daily.  To  the  Bacillus  coli  communis  all  animals 
are  open  to  infection;  so  we  are  readily  able  to  understand 
the  possibility  and  probability  of  this  cow's  blood  serum 
containing  a  considerable  number  of  antibodies  for  the 
three  patliogenic  organisms  used  in  the  experiment,  which 
were  secreted  to  some  degree  in  the  milk. 

In  this  experiment  we  feel  that  we  have  eliminated  the 
question  of  bacterial  antagonism,  which  we  considered  might 
have  played  an  important  part  in  the  results  obtained  by 
others;  and  our  next  step  was  an  attempt  to  determine,  if 
possible,  the  effect  of  one  organism  against  another  in  speci- 
mens of  milk  subjected  to  different  degrees  of  heat.  For 
this  purpose  we  obtained  milk  in  the  same  manner  as  in  the 
previous  experiment,  from  another  healthy  cow  in  the  same 
herd.  Similar  series  of  specimens  were  made,  and  the 
Bacillus  acidi  lactici  and  the  Bacillus  subtilis  were  singly 
used  as  before;  and  also  for  comparison  a  mixture  of  the 
two  (equal  amounts  of  a  suspension  of  each  organism 
being  employed)  was  introduced  into  a  third  series  of 
specimens. 

The  following  tables  (VI,  VII,  VIII)  and  percentage  charts 
(VI,  VII,  VIII)  show  our  results: 
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The  milk  of  tliis  cow,  although  showing  a  similar  activity 
against  these  two  organisms,  tioes  not  exhibit  the  same 
decree  of  inhibition  as  did  tlie  milk  from  the  first  cow.  This 
we  can  explain  only  as  being  due  to  a  lesser  decree  of  resistance 
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upon  the  part  of  the  second  animal  as  compared  with  the 
first.  This  variability  of  the  milk  of  different  cows  was 
especially  noticed  by  Hunsiker  in  his  experiments.  However, 
when  we  compared  the  results  obtained  in  the  series  inoculated 
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singly  with  those  from  that  inoculated  with  the  mixed  cultures, 
we  found  an  interesting  condition  which  we  consider  a 
definite  indication  of  bacterial  antagonism.  The  tables  do 
not  show  this  so  strikingly  as  did  the  cultures.     After  the 
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first  four  hours  there  was  a  rapid  increase  in  the  number  of 
Bacillus  acidi  lactici  and  a  decrease  in  the  number  of  Bacillus 
subtilis.  As  the  subsequent  cultures  were  made  in  neces- 
sarily increasing  dilutions,  the  number  of  subtilis  colonies  to 
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each  plate  became  rapidly  scarcer,  until  in  the  twenty-four- 
hour  plates  none  was  present.  At  the  same  time  the  physi- 
cal characteristics  of  the  specimens  varied  greatly.  In  the 
series  seetleil  alone  with  Bacillus  acidi  lactici  there  was,  at 
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the  end  of  the  forty-eighth  hour,  marked  coagulation  ^^ith 
moderate  digestion  of  the  coagulum;  in  the  series  seeded 
alone  \vith  Bacillus  subtilis  there  was  complete  coagulation 
and  complete  digestion  of  coagulum;  in  the  series  witli  mixed 
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culture  coagulation  was  complete,  but  only  one-half  of  the 
coagulum  digested.  This  undoubtedly  indicated  some  differ- 
ence due,  not  to  the  heating  of  the  milk  but  to  the  antago- 
nistic effect  of  one  organism  on  the  other. 

We  see  this  illustrated  also  by  an  examination  of  the  per- 
centage tables.  At  the  end  of  four  hours  the  percentages  of 
increase  were  as  follows: 

B.  acidi   actici.  B.  subtilis.         Average.  Mixed. 


Per  cent. 

Per  cent. 

Per  cent. 

Per  cent 

Raw  . 

200 

2500 

1350.0 

150 

68°  C.      .      . 

2500 

4500 

3500.0 

1000 

55°  C.      .      . 

350 

450 

400.0 

450 

100° C.    .      . 

4500 

7500 

6000.0 

4500 

Frozen     . 

300 

45 

175.5 

55 

Boviillon 

.      10,000 

8500 

9750.0 

8000 

The  average  percentage  of  increase  of  the  two  series  inocu- 
lated singly  as  compared  with  the  percentage  in  the  series 
with  mixed  cultures  is  higher  with  one  exception  (that  of 
the  milk  heated  to  55°  C).  Notwithstanding  this  one  dis- 
crepancy we  feel  justified  in  emphasizing  the  importance  of 
considering  bacterial  antagonism  in  studying  their  growth 
upon  milk  subjected  to  different  conditions,  and  again  point 
this  out  as  the  possible  explanation  of  the  varied  conclusions 
of  the  different  investigators  of  this  subject. 


CHANGES   IN  THE    CHEMICAL  AND    PHYSICAL   CHARACTER- 
ISTICS  OF   MILK. 

An  examination  of  the  tables  seems  to  indicate  at  first 
sight  that  the  increase  of  acidity  and  the  production  of  coagu- 
lation go  hand  in  hand  with  the  bacterial  increase.  Our 
acid  determinations  were  made  at  the  end  of  twenty-four, 
forty-eight,  and  one  hundred  and  twenty  haurs,  while  the 
bactericidal  or  inhibitory  activity  of  the  milk  lasted,  at  the 
most,  eight  hours.     At  the  end  of  twentj^-four  hours,  however. 
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the  relation  of  the  points  of  acidity  to  the  bacterial  content 
was  almost  parallel.  WTiat  role  the  germicidal  activity  plays 
in  the  production  or  the  prevention  of  increased  acidity, 
therefore,  we  are  unable  to  say  as  far  as  our  acid  estimations 
are  concerned;  but  a  more  careful  examination  of  our  results 
as  regards  the  bacterial  content  and  coagulation  in  the  various 
specimens  during  the  eight-hour  period  favors  the  view 
already  expressed  by  Hunsiker,*  that  during  the  period  in 
which  the  bactericidal  property  of  milk  is  manifest  acid 
production  and  coagulation  do  not  take  place  in  direct 
proportion  to  the  bacterial  content.  Take  for  example  the 
experiment  with  the  Bacterium  coli  communis.  At  the  end  of 
four  hours  the  specimen  heated  at  100°  C.  containing  78,000 
organisms  per  c.c.  showed  slight  coagulation,  while  the 
raw  milk  at  the  end  of  eight  hours  with  a  count  of.  249,000 
bacteria  per  c.c,  and  at  the  end  of  twelve  hours  with  a 
count  of  480,000  bacteria  per  c.c,  remained  unchanged. 
Again,  the  specimen  heated  at  68°  C.  with  a  count  of  400,000 
bacteria  per  c.c  at  the  end  of  eight  hours  be^an  to  curd, 
while  the  specimen  heated  at  55°  C.  with  exactly  the  same 
bacterial  content  remained  unchanged. 

An  analysis  of  the  above  indicates  that  the  phenomenon 
of  coagulation  depends  in  part  upon  some  other  factor  or 
factors  than  bacterial  increase,  since  in  one  specimen  it 
occurred  when  only  78,000  bacteria  per  cc.  were  present, 
while  in  another  it  was  absent  even  when  the  bacterial  count 
was  as  high  as  480,000  per  c.c. 

Coagulation  and  probably  increased  acidity  took  place 
first  in  the  specimen  heated  to  100°  C,  then  in  that  heated  to 
68°  C,  next  in  that  heated  to  55°  C,  and  finally  in  the  raw 
sterile  milk.  This  seems  to  indicate  that  heating  at  or  over 
68°  C.  destroys  some  propertj-  of  milk  which  controls  or 
prevents  coagulation.  We  have  already  concluded  that 
subjection  to  this  temperature  destroys  the  inhibitor}^  actiA-ity 

^  Loc  dt. 
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of  milk  against  bacteria;  the  higher  the  degree  of  heat  the 
more  noticeable  the  destruction.  Heating  to  55°  C,  however, 
seems  to  injure  the  bactericidal  activity,  but  apparently 
does  not  destroy  the  property  exhibited  by  unheated  milk 
of  resisting  the  process  of  coagulation  even  in  the  presence 
of  a  high  bacterial  content. 

When  we  examined  the  specimens  of  raw  sterile  milk  set 
aside  as  controls,  we  found  an  interesting  phenomenon. 
Specimens  kept  at  room  temperature  began  to  curd  at  the 
end  of  three  weeks.  In  specimens  kept  at  37.5°  C,  coagulation 
took  place  on  the  tenth  day.  In  the  specimens  kept  at  refrig- 
erator temperature,  no  change  was  noticed  at  the  end  of 
six  weeks,  after  which  time  they  were  unfortunately  destroyed 
by  an  accident. 

We  therefore  notice  that  coagulation,  occurs  in  absolutely 
sterile  milk  and  the  phenomenon,  therefore,  does  not  depend 
solely  upon  bacteria.  Sterilized  milk  does  not  coagulate, 
hence  heat  must  destroy  some  thermolabile  element  or  ele- 
ments in  milk  which  bring  about  coagulation.  Why  then  is 
it  that  the  raw  sterile  product  coagulates  independent  of 
microorganisms,  and  yet  more  slowly  than  the  sterilized 
product  when  seeded  with  the  sanle  organisms?  Whether 
this  phenomenon  may  be  explained  as  due  to  some  distinct 
activity  of  milk  or  to  some  change  in  its  chemistry  which 
permits  the  bacteria  to  form  the  proper  metabolic  products 
for  coagulation,  we  can  only  surmise. 

The  process  of  acid  cYirding  depends  upon  the  precipitation 
of  casein.  Casein  exists  as  a  salt  of  calcium  held  in  sus- 
pension as  a  finely  divided  colloid.  When  acidified  it  is 
liberated  and  being  insoluble  is  precipitated.  The  spon- 
taneous coagulation  of  milk,  which  was  established  as  a 
fact  by  Meissner  and  more  carefully  studied  by  A.  Levy,  is 
thus  explained,  the  acid  being  furnished  by  the  destruction 
of  the  colostrum  cells.  This  clotting,  however,  is  not  similar 
to  the  formation  of  a  more  solid  coagulum  by  bacterial  fer- 
ments.    That  boiled  milk   does   not  undergo  spontaneous 
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M)agulation  may  be,  that  as  with  rennet  curding  takes  place 
only  in  the  presence  of  soluble  calcium  salts.  Boiled  milk 
has  been  shown  to  separate  the  casein  and  calcium  oxide, 
precipitating  the  latter,  thereby  destroying  one  of  the  necessary 
factors  of  coagulation.  The  acid  formed  by  the  bacteria  in 
much  greater  quantity,  because  of  a  more  favorable  medium, 
however,  may  produce  with  this  precipitate  a  soluble 
compound  necessary  for  the  formation  of  a  clot,  which  fact 
might  explain  the  more  rapid  curding  of  heated  than  un- 
heated  milk  independent  of  the  relative  bacterial  content  of 
each. 

Whatever  the  explanation,  this  obsen-ation,  we  beheve, 
adds  weight  to  our  contention  that  the  heating  of  milk,  both 
at  sterilizing  and  pasteurizing  temperature,  destroys  some 
of  its  vital  characteristics.  How  important  they  are  to  the 
food  value  of  this  product,  clinical  obsen-ation  alone  can 
tell. 

The  following  table  indicates  acidity  in  terms  of  deci- 
normal  Na.O.H.  We  reaUze  that  estimations  made  without 
numerous  controls  are  of  little  value,  but  we  incorporate 
them  in  this  report  because  they  give  some  indication  of  the 
effect  of  bacterial  metabolism  upon  acidity.  Unfortunately 
no  estimations  of  the  acidity  of  the  raw  sterile  milk  were  taken 
at  the  time  coagulation  was  first  noticed. 


Table  IX. 

Streptococcus. 

24  hours. 

48  hours. 

120  hours. 

Raw  milk 

10.00 

10.00 

10.00 

10.50 

Raw   .      . 

10.00 

13.00 

15.00 

33.75 

68°  C.       . 

10.00 

14.00 

20.00 

51.25 

55°  C.       . 

10.00 

13.00 

18.75 

34.25 

100°  C.     . 

10.00 

15.00 

25.00 

57.25 

Frozen 

10.00 

14.50 

20.00 

42.50 

Bouillon  . 

5.00 

7.50 

5.00 
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Staphylococcus. 

24  hours. 

48  hours. 

120  hours. 

Raw   .      . 

10.00 

12.50 

13.75 

16.25 

68°  C.       . 

10.00 

14.00 

15.25 

30.00 

55°  C.       . 

10.00 

13.50 

14.50 

25.00 

100°  C.     . 

10.00 

15.50 

22.50 

47.25 

Frozen 

10.00 

13.50 

18.75 

27.50 

Bouillon  . 

6.00 

6.25 

5.00 

Bacterium  Coli  Communis. 


24  hours. 

48  hours. 

120  hours. 

Raw   .     . 

10.00 

13.00 

45.00 

52.50 

68°  C.       . 

10.00 

35.00 

48.75 

65.00 

55°  C.       . 

10.00 

13.50 

45.00 

62.50 

100°  C.     . 

10.00 

28.50 

53.75 

72.50 

Bouillon  . 

3.00 

5.00 

5.00 

Bacterium  Subtilis. 


24  hoiu-s. 

48  hours. 

120  hours. 

Raw   . 

ip.oo 

13.00 

17.50 

25.00 

68°  C.       . 

10.00 

14.00 

25.00 

48.00 

55°  C.       . 

10.00 

13.50 

22.50 

28.75 

100°  C.     . 

10.00 

15.00 

27.50 

55.00 

Frozen 

10.00 

13.50 

22.50 

27.50 

Bouillon  . 

5.00 

5.00 

62.50 

Bacterium  Acidi  Lactici. 


24  hours. 

48  hours. 

120  hours. 

Raw   . 

10.00 

22.50 

55.00 

50.00 

68°  C.       . 

10.00 

45.00 

62.50 

60.00 

55° C.   .    . 

10.00 

42.50 

62.50 

56.25 

100°  C.     . 

10.00 

47.50 

72.50 

60.00 

Frozen 

10.00 

42.50 

62.50 

52.00 

Bouillon  . 

7.50 

12.50 

37.50 

Bacillus  Acidi  Lactici. 


24  hours. 

48  hours 

Raw   . 

9.75 

37.00 

57.00 

68°  C.       . 

9.75 

43.50 

60.00 

55°  C.       . 

9.75 

37.50 

58.00 

100°  C.     . 

9.75 

50.00 

72.00 

Frozen     . 

9.75 

37.50 

60.00 

Bouillon  . 

800 
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Subtilis  and  Acidi  Lactici. 


Raw   . 
68°  C. 
55°  C. 
100°  C. 
Frozen 
Bouillon 


Raw   . 
68°  C. 
55°  C. 
100°  C. 
Frozen 
Bouillon 


24  hours. 

48  hours. 

9.75 

15.00 

19.00 

9.75 

20.00 

26.00 

9.75 

18.50 

22.50 

9.75 

23.00 

30.00 

9.75 

18.00 

22.00 

6.00 

6.25 

Subtilis. 

24  hours. 

48  hours. 

9.75 

15.00 

19.00 

9.75 

20.00 

26.00 

9.75 

18.50 

22.50 

9.75 

23.00 

30.00 

9.75 

18.00 

22.00 

6.00 

6.25 

This  subject  can  be  of  verj'  little  importance  from  the  prac- 
tical standpoint  of  keeping  milk,  but  it  emphasizes  the  neces- 
sity of  looking  upon  the  pasteurization  or  sterilization  of  milk 
ynih  disfavor,  realizing  that  at  the  present  time  it  is  an  evil 
necessit}'  under  certain  conditions.  The  opinions  of  clini- 
cians as  to  disturbances  of  nutrition  in  children  fed  upon 
sterilized  and  probably  upon  pasteurized  milk,  seem  to  be 
supported  by  the  results  of  such  an  experiment  as  we  have 
performed,  since  it  shows  that,  while  the  germicidal  activity 
of  milk  is  only  short-lived,  yet  its  presence  and  the  fact  that 
destruction  occurs  at  the  pasteurizing  temperature  indicate 
that  milk  so  treated  is  robbed  of  some  important  constituent 
or  constituents.  That  antibodies  and  antibacterial  ferments 
are  taken  up  as  such  by  the  human  economy  through  the 
digestive  tract,  seems  to  us  highly  improbable;  but  we  do 
believe  that  anything  that  will  destroy  antibacterial  activity 
must  necessarily  destroy  the  chemical  equiUbrium  of  milk, 
thereby  lessening  its  food  value.  It  is  easy  enough  to  measure 
the  fats,  proteids,  and  sugar  in  the  milk,  but  to  estimate  its 
elusive  ferments  and  other  U\ing  constituents  which  make 
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mother's  milk  a  so  much  more  desirable  food  product  than 
cow's  milk  has  not  yet  been  attained  by  chemistry. 

Conclusions.  1.  Freshly  drawn  milk  possesses  a  bacte- 
ricidal activity  toward  certain  microorganisms,  and  an  inhibi- 
tory activity  toward  others. 

2.  This  activity  is  destroyed  at  68°  C.  and  materially 
injured  at  55°  C.  It  varies  in  different  cows  and  lasts  from 
six  to  twelve  hours. 

3.  Coagulation  and  acidity  of  milk  do  not  depend  solely 
upon  the  bacterial  content.  They  are  influenced  by  natural 
properties  of  milk  which  are  soon  overshadowed  by  the 
metabolic  products  of  bacteria. 

4.  Sterile  cow's  milk  freshly  drawn  is  acid  to  phenol- 
phthalein  and  increases  very  slowly  in  acidity  independent 
of  bacterial  metabolism,  due  probably  to  the  destruction  of 
colostrum  cells. 

5.  Results  obtained  in  testing  milk  with  mixed  bacterial 
florae  are  influenced  by  bacterial  antagonism. 


A  COMPARISON   OF  THE  VON  PIRQUET,  CALMETTE  AND 

MORO  TUBERCULIN  TESTS  AND  THEIR 

DIAGNOSTIC  VALUE.* 

SAMUEL  McC.  HA  MILL,  M.D. 
HOWARD  CHILDS  CARPENTER,  M.D. 

AND 

THOMAS  A.  COPE,  M.D. 

When  we  decided  to  investigate  the  relative  and  individual  merits  of 
the  newer  methods  of  diagnosing  tuberculosis,  the  literature  did  not 
contain  the  almost  innumerable  reports  upon  these  procedures  that  are 
current  to-day.  But  we  feel  that  this  in  no  sense  detracts  from  whatever 
merit  this  communication  may  have,  since  we  are  now  enabled  not  only 
to  report  on  the  results  of  our  own  investigations,  but  also  to  point  out 
their  relationship  to  the  work  which  has  already  been  done,  which  may 
add  something  in  the  general  consensus  to  the  clearing  up  of  this  un- 
developed question.    The  tests  which  we  have  applied  have  been : 

1.  The  conjunctival  test  of  Calmette  and  Wolf -Eisner  in  one  hundred 
and  fifty-eight  cases. 

2.  The  scarification  test  of  von  Pirquet  in  one  hundred  and  fifty-nine 
cases  (using  both  human  and  bovine  tuberculin  in  twent3'-four  cases). 

3.  The  ointment  test  of  Moro  in  one  hundred  and  fifty-four  cases. 

4.  The  subcutaneous  test  in  eighty-five  cases  in  confirmation  of  the 
others. 

PREPARATION  OF  TUBERCULINS. 

It  has  seemed  to  us  very  important  to  point  out  that  all  the  tubercu- 
lins which  we  have  used  in  carrying  out  these  tests  have  been  prepared 
in  one  laboratory  by  the  same  method,  and  in  order  to  make  our  results 
of  value  in  comparison  with  others,  to  express  briefly  the  method  of 
preparation  of  our  various  solutions. 

PREPARATION  OF  TUBERCULIN  ORIGINAL    (t.  O.)    (kOCHS  OLD 

tuberculin). 
A  culture  of  the  human  type  of  the  tubercle  bacillus  was  grown  at 
incubator  temperature  on  glycerin  beef  broth  for  a  period  of  six  to  eight 
weeks,  or  until  the  culture  had  covered  the  entire  surface  of  the  media. 


•From  the  William  Pepper  Clinical  Ijaboratory.  University  of  Pennsylvania. 
Read  before  the  Association  of  American  Physicians,  Washington,  D.  C,  May 
1.3.   1908. 
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The  flasks  containing  the  culture  were  then  placed  in  a  steam  sterilizer 
for  three  hours,  after  which  they  were  removed  and  the  contents,  includ- 
ing the  growth  of  the  tubercle  bacilli  and  the  beef  broth,  poured  into  a 
common  vessel.  This  material  was  then  sterilized  in  streaming  steam 
for  another  period  of  two  hours,  it  being  considered  that  this  prolonged 
exposure  of  the  organisms  to  the  streaming  steam  had  some  value  in 
extracting  the  intracellular  product  of  the  tubercle  bacilli.  The  organ- 
isms were  then  removed,  first  by  filtration  through  paper  and  afterward 
by  double  filtration  through  a  Berkefeld  filter  of  the  fine  flow.  The 
filtrate,  which  contained  the  toxins  which  had  been  liberated  during  the 
growth  of  the  organism,  as  well  as  those  extracted  during  the  period  of 
sterilization,  was  then  evaporated  over  a  water  bath  to  one-tenth  its 
original  volume.  This  evaporated  tuberculin  was  again  passed  through  a 
Berkefeld  filter,  placed  in  bottles  and  sterilized  by  the  intermittent 
method. 

For  the  bovine  tests,  the  tuberculin  was  prepared  in  the  same  way, 
substituting  the  bovine  for  the  human  culture. 

PREPARATION  OF  THE  TUBERCULIN  PRECIPITATE   (t.  P.)    FOR  THE 
CONJUNCTIVAL   REACTION. 

Two  volumes  of  95  per  cent,  alcohol  were  placed  in  a  tall  cylinder 
and  to  this  was  slowly  added  one  volume  of  concentrated  tuberculin 
original.  As  soon  as  the  precipitate,  which  forms  early,  had  settled  to 
the  bottom  of  the  cylinder,  the  supernatant  liquid  was  decanted  and  the 
precipitate  collected  on  a  hard  filter  with  the  aid  of  a  suction  pump.  It 
was  afterward  washed  with  70  per  cent,  alcohol  until  the  filtrate  ran  clear. 
It  was  dried  in  vacuo  over  sulphuric  acid  until  perfectly  dry;  then  it  was 
broken  up  in  a  mortar  into  fine  powder.  This  powder  was  then  dissolved 
in  normal  saline  solution  to  whatever  strength  was  desired. 

PREPARATION    OF   THE   TUBERCULIN    OINTMENT. 

Equal  parts  by  weight  of  tuberculin  original  and  anhydrous  lanolin 
were  mixed  together  as  follows:  The  lanolin  was  heated  in  a  mortar 
until  liquid.  The  mortar  was  then  placed  in  an  ice  pack  and  the  tubercu- 
lin slowlv  added,  stirring  vigorously  with  the  pestle  until  the  entire 
mass  had  become  solidified.  In  this  manner  an  even  distribution  of  the 
tuberculin  throughout  the  lanolin  was  obtained. 

For  use  in  the  conjunctival  test,  the  tuberculin  was  put  up  in  small 
sealed  capillary  glass  tubes,  after  the  well  known  form  used  for  vaccine 
containers,  each  tube  containing  three  drops  of  the  strength  solution- 
desired.    The  purpose  in  having  three  drops  in  each  tube  is  to  enable  the 


operator  to  remove  one  drop  to  wash  away  the  possible  spicules  of  glass 
which  might  adhere  to  the  tube,  the  second  drop  being  instilled  and  the 
third  remaining  behind  to  prevent  the  forcing  out  of  any  spicules  of 
glass  which  may  have  come  from  the  other  end  of  the  tube. 

The  solutions  used  for  the  cutaneous  test  were  put  up  in  bulk,  as  was 
also  the  tuberculin  ointment. 

STRENGTH  OF  SOLUTIONS  USED. 

In  the  application  of  the  eye  test,  we  have  used  a  0.5  per  cent,  strength 
in  the  great  majority  of  cases.  Occasionally,  in  the  application  of  a 
second  test  to  the  original  control  eye,  we  used  1  per  cent,  strength ;  in  a 
small  group  of  older  children,  we  used  a  0.75  per  cent,  solution,  while  m 
children  under  two  years  of  age,  we  used  a  0.3  per  cent,  solution.  A  10 
per  cent,  solution  of  tuberculin  original  was  used  in  the  scarification 
tests,  both  human  and  bovine,  and  a  50  per  cent,  strength  in  the  oint- 
ment tests. 

TECHNIC. 

Eye. — The  rubber  bulb  was  slipped  over  the  end  and  placed  in  the 
middle  of  the  capillary  tube,  after  which  both  ends  of  the  tubes  were 
wiped  off  with  alcohol  and  the  ends  broken  by  the  fingers  covered  with 
sterile  cotton,  after  which  the  bulb  was  placed  in  its  proper  position. 
The  histor}'  of  the  patients  as  to  previous  eye  conditions  having  been 
ascertained,  the  eyes  were  inspected  to  eliminate  inflammatory  lesions, 
and  notes  recorded  descriptive  of  the  general  appearance.  The  lower 
lid  of  one  eye  (the  other  serving  as  a  control)  was  then  drawn  downward 
and  one  drop  of  the  solution  placed  in  the  lower  inner  portion  of  the 
conjunctiva.  The  lid  was  held  in  this  position  until  the  solution  was 
well  diffused  throughout  the  conjunctival  sac. 

Scarification. — After  the  thorough  cleansing  of  the  upper  arm  with 
soap  and  water,  followed  b}'  alcohol,  three-minute  scarifications,  just  deep 
enough  to  produce  slight  redness  without  drawing  blood,  were  made  at 
distances  of  about  5  cm.  from  each  other  in  the  length  of  the  arm.  One 
drop  of  the  10  per  cent,  solution  was  then  placed  on  each  of  the  upper 
and  lower  areas,  by  means  of  a  sterile  dropper.  To  the  middle  scarifica- 
tion, which  served  as  a  control,  nothing  was  applied  in  the  earlier  cases, 
while  in  the  later  groups,  one  drop  of  the  same  solution  minus  the  tuber- 
culin, was  used.  The  solutions  were  then  rubbed  carefully  into  the 
scarifications  for  a  few  moments,  after  which  the  arm  was  exposed  until 
the  solutions  had  dried. 

Ointment  Test  of  Moro. — The  directions  of  its  originator  were  fol- 
lowed in  its  application.     After  carefully  inspecting  and  recording  the 


appearance  of  the  abdominal  surface  and  without  any  preliminary  treat- 
ment of  the  abdomen,  there  was  applied,  either  to  the  epigastric  region,  or 
more  frequently  to  the  submammary  region,  about  15  grains  of  the 
ointment.  With  a  rubber  finger  cot  or  rubber  glove,  the  ointment  was 
gently  rubbed  into  a  circular  area  of  from  6  to  7  cm.  diameter  for  forty- 
five  seconds.  Over  another  area  on  the  abdomen  the  same  lanolin  as  that 
used  in  the  combined  ointment  was  applied  in  the  same  manner  to  serve 
as  a  control.  The  surfaces  were  then  exposed  to  the  air  for  twenty  min- 
utes. The  ointment  was  not  removed  and  no  protective  dressing  was 
applied. 

As  our  purpose  was  to  determine  the  degree  of  uniformity  of  the 
various  reactions,  Ave  used  practically  the  same  dosage  for  all  cases  and 
the  same  technic  in  their  application  throughout  our  work.  We  believe, 
however,  that  much  smaller  doses  will  yield  equally  satisfactory  results, 
and  that  variations  in  the  method  of  applying  the  scarification  and  oint- 
ment tests  may  be  used  advantageously.  We  are  convinced,  from  the  use 
of  these  latter  tests,  in  cases  not  included  in  this  group,  that  a  smaller 
scarification  for  the  cutaneous  test  and  a  less  prolonged  exposure  after 
the  application  of  the  tuberculin  is  advisable,  and  that  the  removal  of  the 
excess  of  the  ointment  at  the  end  of  twenty  minutes  will  limit  the  reac- 
tion to  a  smaller  area  in  that  it  will  avoid  the  spreading  of  the  ointment 
when  the  clothing  is  replaced. 

THE  REACTION. 

The  principle  of  the  reaction  resulting  from  the  application  of  these 
tests  is,  of  course,  the  same  in  all.  When  an  individual  develops  tubercu- 
losis there  occurs  a  hypersensitiveness  of  his  tissue  cells  to  the  poisons 
of  the  tubercle  bacillus,  a  condition  for  which  von  Pirquet  has  suggested 
the  term  "Allergic"  (allergistic  reaction) ;  that  is,  the  altered  reaction 
which  the  human  organism  shows  to  micro-organisms  or  substances  with 
which  it  is  already  acquainted,  a  reaction,  in  other  words,  in  an  organism 
with  an  acquired  immunity.  When,  therefore,  the  tuberculin  solutions 
are  brought  into  contact  with  the  various  portions  of  the  body,  these 
reactions  manifest  themselves  by  the  phenomena  about  to  be  described. 

When  a  drop  of  tuberculin  solution  is  instilled  into  the  eye  of  an 
immunized  individual,  in  from  four  to  twenty-four  hours  there  occurs 
an  injection  of  the  palpebral  conjunctiva,  semilunar  fold,  caruncle  and 
orbital  conjunctiva,  which  varies  in  intensity  in  different  individuals,  is 
usually  attended  by  lachrymation  and  moderate  fibrinous  or  fibro- 
purulent  exudation,  which  may  go  on  to  profuse  suppuration,  attended 
by  very  marked  swelling  of  the  external,  as  well  as  of  the  internal  tissues 


of  the  eye  (Figs.  1,  2  and  3).  This  condition  ordinarily  reaches  its  max- 
immu  in  twenty-four  to  forty-eight  hours,  after  which  it  gradually 
fades,  its  final  complete  disappearance  bearing  definite  relationship  to 
the  severity  of  the  reaction. 

Following  the  application  of  the  scarification  test,  in  from  fire  to 
twenty  hours,  there  develops  immediately  adjacent  to  the  scar,  a  pinkish 
areola,  which  rapidly  extends  in  an  outward  direction  until  its  maximum 
is  reached  (from  twenty-four  to  seventy-two  hours)  at  which  time  there 
usually  exists  a  central  deep  pink  zone  of  varying  diameter  surrounded 
by  a  pale  pink,  indefinitely  marginated  area,  generally  more  or  less  circu- 
lar in  shape.  The  central  zone  is  elevated  and  indurated  and  in  the 
severer  reactions  may  be  covered  with  minute  vesicles,  which  occasionally 
coalesce  (Figs.  4  «nd  5).  This  cutaneous  reaction  persists  for  varying 
periods  of  time,  from  four  or  five  days  to  two  weeks,  depending  on  its 
degree  of  severity. 

The  reaction  to  the  ointment  test  manifests  itself  by  the  development 
in  a  time  varying  from  ten  hours  to  three  days,  of  a  papulovesicular 
eruption,  at  the  site  of  application,  and  may  vary  in  the  number  of 
papules  from  one  to  several  hundred.  The  appearance  of  the  eruption  is 
characteristic,  the  most  minute  papules  having  a  vesicular  appearance,  a 
pinkish  color,  and  an  erythematous  areola.  The  papules  vary  in  diameter 
from  0.5  to  3  or  4  mm.,  the  erythematous  areola  sometimes  measuring 
from  6  to  8  nun.  In  the  more  profuse  eruptions  these  areolas  may 
coalesce,  giving  a  more  or  less  pinkish  hue  to  the  entire  area  (Figs.  6,  7 
and  8).  In  its  severer  t}'pes  it  usually  persists  for  a  week  or  ten  days, 
after  which  the  pigmented  appearance  may  persist  for  several  weeks, 
finally  disappearing  by  a  process  of  desquamation. 

In  describing  the  physical  characteristics  of  these  r^ictions,  for  the 
sake  of  clearness  and  uniformity,  we  have  indicated  three  degrees  for 
each,  between  which  extremes  we  are  enabled  to  classify  all  of  our  cases. 
In  this  classification  we  have  followed  closely  the  suggestion  of  Baldwin 
for  the  eye  test  and  have  used  for  the  expression  of  these  various  degrees 
the  single,  double  and  triple  plus  marks  which  he  has  recommended. 

In  the  interpretation  of  the  eye  reaction  our  single  plus  mark  indi- 
cates all  manifestations  from  a  moderate  redness  of  the  inferior  palpebral 
conjunctiva  or  of  the  semilimar  fold  or  the  caruncle  up  to  a  fairly  marked 
injection  of  all  of  these  tissues,  with  or  without  slight  lachrymation  or 
fibrinous  exudation.  The  double  plus  mark  covers  the  cases  in  which 
there  occurs  in  addition  to  the  above,  mild  capillary  injection  of  the 
orbital  conjunctiva,  giving  rise  to  a  pinkish  hue,  some  swelling  of  the 
camncle,  semilunar  fold  and  palpebral  conjunctiva,  attended  with  lachrv- 
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mation  and  fibrinous  or  fibropurulent  discharge.  The  triple  plus  mark 
indicates  all  grades  of  reaction  from  the  foregoing  up  to  the  most  severe, 
as  described  in  the  above  general  description  of  the  eye  reaction. 

In  the  description  of  the  cutaneous  reaction,  the  single  plus  mark 
indicates  any  degree  of  hyperemia  up  to  a  diameter  of  10  mm.  The 
double  plus  mark  indicates  all  degrees  of  hyperemia  having  diameters  of 
from  10  to  20  mm.  and  the  triple  plus  mark,  all  reactions  having 
diameters  of  more  than  20  mm. 

In  the  case  of  the  ointment  reaction  the  single  plus  mark  indicates 
an  eruption  of  from  one  to  twenty  papules;  the  double  plus  mark,  from 
twenty  to  sixty  papules,  and  the  triple  plus  mark,  fifty  or  more  papules. 

MATEBIAL  USED. 

Practically  all  our  patients  were  under  8  years  of  age  and  all  but 
tweniy-six  of  them  were  inmates  of  St.  Vincent's  Home,  an  institution 
with  a  population  of  about  400,  composed  of  foundlings,  orphans  and 
destitute  children.  The  cases  in  the  home  were  tested  in  routine  by 
wards,  irrespective  of  the  conditions  from  which  they  were  suffering,  and 
in  the  great  majority  of  instances,  without  any  knowledge  of  their 
physical  condition  prior  to  or  at  the  time  the  tests  were  applied.  "We 
purposely  deferred  the  phy^cal  examination  of  these  children  until  after 
the  tests  had  been  applied,  for  two  reasons,  first,  in  order  to  be  unbiased 
in  our  interpretation  of  the  results,  and  second,  in  order  to  make  our- 
selves especially  vigilant  in  searching  for  tuberculous  lesions  in  those 
who  reacted.  "We  had  the  children  under  absolute  control  throughout  the 
entire  period  that  the  tests  were  being  made,  a  special  nurse  having  been 
employed  for  their  exclusive  care. 

The  accompanying  tables,  which  record  our  results,  are  self-explana- 
tory. 

SUMMABY  OP  TABLES. 

In  addition  to  the  cases  designated  in  the  tables,  we  have  applied 
the  test  to    seventeen   infants   rangrins:   in   asje   from   four   weeks   to 
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five  months.  All  three  tests  were  applied  to  six  of  them,  the  scarification 
test  to  all,  and  the  ointment  to  but  fourteen.  Inflammatory  conditions 
of  the  abdomen  interfered  with  the  application  of  the  eye  and  ointment 
tests  to  the  entire  group.  The  results  were  entirely  negative.  Tubercu- 
losis was  not  suspected  in  any  of  the  cases  and  in  about  half  of  them  the 
condition  of  nutrition  was  fair;  in  the  remainder  poor. 

Of  the  134  patients  resident  in  St.  Vincent's  Home,  95  were  clin- 
ically non-tuberculous,  27  had  suspicious  signs  of  either  pulmonary  or 
glandular  tuberculosis,  and  12  were  definitely  tuberculous.     Of  the  95 
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clinically  non-tuberculous  patients,  59,  or  62.1  per  cent.,  reacted;  of  the 
27  suspicious  patients,  23,  or  85.1  per  cent.;  and  of  the  12  tuberculous, 
all,  or  100  per  cent. 

Of  the  26  patients  outside  of  St.  Vincent's  Home,  15  were  clinically 
non-tuberculous,  1  suspicious,  and  10  tuberculous.  Of  the  clinically  non- 
tuberculous  patients  5,  or  33%  per  cent.,  reacted.  The  1  suspicious  sub- 
ject failed  to  react  and,  of  the  10  tuberculous  patients,  9,  or  90  per  cent, 
reacted.  The  one  suspicious  case  in  this  latter  group  was  probably  one 
of  tuberculous  meningitis ;  the  patient  was  tested  within  the  last  twenty- 
four  hours  of  life.  The  one  tuberculous  patient  who  failed  to  react  had 
advanced  pulmonary  tuberculosis  and  was  anemic  and  emaciated. 

Taking  the  two  groups  together,  there  were  110  clinically  non-tuber- 
culous, 28  suspicious  and  22  tuberculous.  Of  the  clinically  non-tuber- 
culous, 64,  or  58.2  per  cent,  reacted  positively ;  of  the  suspicious  patients 
23,  or  82.1  per  cent,  reacted  positively,  and  of  the  tuberculous  21,  or 
95.4  per  cent,  reacted  positively. 

If  to  these  groups  are  added  the  17  infants  who  were  non-tuberculous 
clinically,  and  all  of  whom  failed  to  react,  the  only  change  that  occurs  is 
in  the  non-tuberculous  column  in  which  the  percentage  of  positive  reac- 
tions is  reduced  from  58.2  to  51.2  per  cent. 

One  thing  that  is  especially  noticeable  in  these  results  is  the  high  per- 
centage of  positive  reactions  among  the  inmates  of  St.  Vincent's  Home. 
This  result  is  in  no  sense  surprising,  since  the  institution  is  enormously 
overcrowded,  and,  until  very  recentlj^  from  the  early  winter  until  the  late 
spring,  its  inmates  have  been  housed  with  the  windows  closed  and  the 
wards  sometimes  overheated  and  sometimes  underheated,  depending 
largely  on  the  external  temperature.  Scattered  throughout  the  various 
wards  there  are  a  number  of  definitely  tuberculous  children  and  a  fairly 
large  number  that  might  be  suspected  of  tuberculosis,  who  would  act  as 
especially  effective  foci  in  a  community  of  individuals  with  as  marked 
lowering  of  the  general  nutrition  as  these  children  show. 

OBSERVATIONS  OF  REACTIONS. 

Following  in  the  footsteps  of  others,  we  studied  our  earlier  cases  from 
hour  to  hour,  to  determine  the  time  of  beginning,  the  maximum  point 
of  and  the  length  of  duration  of  the  reactions,  but,  finding  that  there 
was  nothing  to  be  gained  from  these  frequent  observations,  we  later 
abandoned  them.  We  are  satisfied  if  observations  are  made  at  the  end  of 
twelve  hours,  twenty-four  hours,  and  forty-eight  hours,  and  after  this 
time,  the  cases  are  kept  under  general  supervision,  that  no  reactions  will 
be  overlooked  and  all  essential  information  will  be  obtained.    The  mildest 
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cataneous  and  ointment  reactions  will  never  be  missed  and  we  have  never 
observed  an  eye  reaction  which  did  not  persist  long  enough  to  be  discov- 
ered during  such  observation  periods. 

Nevertheless,  even  in  our  later  cases,  we  had  observations  made  at 
fairly  frequent  intervals,  in  order  to  get  a  general  idea  of  the  course  of  the 
various  reactions.  The  earliest  onset  of  the  conjunctival  reaction  oc- 
curred two  and  one-half  hours  after  instillation  and  the  latest  forty-eight 
hours  after  instillation.  In  two  cases  the  onset  of  the  cutaneous  reaction 
occurred  five  hours  after  its  application,  and  in  two  cases  it  did  not 
appear  until  the  forty-eighth  hour.  The  earliest  onset  of  the  ointment 
reaction  was  ten  hours  after  it  was  applied  and  the  latest  seventy-two 
hours. 

The  earliest  maximum  conjunctival  reaction  was  eleven  and  one-half 
hours  after  instillation  and  the  latest  ninety-six  hours.  The  average  was 
twenty-eight  hours.  For  the  cutaneous  reaction,  the  earliest  was  twenty 
hours  and  the  latest  one  hundred  and  twenty  hours,  the  average  being 
thirty-six  hours.  For  the  ointment  test,  the  earliest  wa3  twenty-two 
hours,  the  longest  one  hundred  and  twenty  hours,  and  the  average  forty 
hours. 

As  to  the  length  of  duration  of  the  various  reactions,  our  observations 
are  accurate  only  insofar  as  they  show  that  in  one  case  the  conjunctival 
reaction  ceased  in  nineteen  and  one-half  hours  and  that  in  several  in- 
stances it  did  not  entirely  disappear  for  a  period  varying  from  seven  to 
nine  days;  that  the  shortest  duration  of  the  cutaneous  reaction  was 
forty-eight  hours,  and  that  it  sometimes  persisted  for  more  than  ten 
days ;  and  that  the  shortest  duration  of  the  ointment  reaction  was  forty- 
eight  hours  and  the  longest  more  than  ten  days,  it  always  having  faded  in 
color  and  most  of  the  papules  having  disappeared  at  this  time. 

CONTROL  TESTS. 

The  controls  were  practically  negative  in  all  cases,  except  in  a  few 
eye  cases,  to  be  referred  to,  in  one  scarification  case,  and  in  eleven  of  the 
ointment  cases.  In  each  of  the  latter  two  this  was  due  to  contamination 
from  the  inoculated  areas.  The  control  in  the  scarification  cases  was  the 
middle  scar,  about  5  cm.  from  each  of  the  others.  Whilst  the  solution 
was  drying,  the  child  evidently  transferred  some  of  it  to  the  control  with 
its  fingers.  In  the  case  of  the  ointment  it  was  not  removed  from  the 
abdomen  and  consequently  when  the  undershirt  was  replaced  it  spread 
the  ointment  bejond  the  limits  to  which  it  had  been  applied,  in  some 
cases  extending  to  the  control  areas. 
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SUBJECTIVE  SYMPTOMS. 

Very  few  of  the  children  complained  of  discomfort  from  the  reactions, 
none  from  the  cutaneous.  In  fourteen  of  the  ointment  cases  there  was 
evidence  of  itching.  In  the  conjunctival  cases  complaint  of  pain  in  the 
eyes  was  made  in  six  cases;  photophobia  and  recurrence  of  joint  pains 
occurred  in  one  case  of  rheumatism  and  photophobia  was  noted  in  thir- 
teen other  cases.  One  of  the  patients  who  reacted  positively  to  the  sub- 
cutaneous test  complained  of  pain  at  the  site  of  injection;  another  with 
chronic  tubercular  arthritis  of  the  knee  had  an  access  of  pain  in  this 
joint  and  severe  abdominal  pain  (possibly  due  to  a  stirring  up  of  tuber- 
culous mesenteric  glands)  and  a  third  patient  had  enlarged  painful  and 
tender  inguinal  glands  with  pain  at  the  point  of  injection. 

DILATATION  OF  THE  PUPIIfi. 

Apropos  of  the  observation  of  Blum  that  dilatation  of  tiie  pupils  fol- 
lowed from  one  and  one-fourth  to  one  and  one-half  hours  after  the  instil- 
lation of  the  eye,  we  made  observations  in  the  last  twenty  cases  tested 
and  found  the  pupil  of  the  instilled  eye  dilated  in  five  cases,  contracted 
in  four,  and  without  change  in  eleven.  At  various  times,  in  our  routine 
examinations,  we  had  noted  dilatation  or  contraction  of  the  instilled 
pupils  twelve  hours  or  more  after  instillation.  This  phenomenon  is  in- 
teresting; especially  our  observation  that  sometimes  the  instillation  is 
followed  by  contraction  instead  of  dilatation. 

We  have  no  satisfactory  explanation  to  offer,  although  it  is  possible 
that  the  inconstant  pupil  effects  of  the  instillation  of  tuberculin  depend 
not  alone  on  any  inconstant  strength  or  concentration  of  the  solution 
used,  but  on  individual  peculiarities  of  the  eyes.  Whether  local  irrita- 
tion produced  by  the  drug,  greater  in  one  instance  and  less  in  another, 
may  be  accountable  for  these  pupil  phenomena,  is  a  subject  for  further 
investigation. 

UNIFOKMITY  OF  EEACTION. 

In  about  sixty  of  our  cases  the  conjunctival  test  was  applied  from 
one  to  three  weeks  before  the  scarification  and  ointment  tests.  In  the 
remainder  of  the  cases  the  three  tests  were  applied  at  the  same  time. 

The  conjunctival,  scarification  and  ointment  tests  were  all  applied 
in  132  cases.  In  133  of  these  all  of  the  tests  reacted  positively.  In  the 
ten  remaining,  the  conjunctival  test  was  negative  four  times  when  both 
of  the  others  were  positive  and  positive  once  when  both  of  the  others  were 
negative.  The  scarification  test  was  negative  four  times  when  one  or 
both  of  the  others  were  positive,  and  the  ointment  three  times.     It  will 
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be  seen  from  these  figures  that  there  was  almost  absolute  uniformity  as 
to  reaction  with  these  three  tests. 

As  to  the  relative  degrees  of  reaction  in  the  individual  cases,  the  oint- 
ment test  gave  the  most  marked  reaction  in  35  cases,  the  conjunctival  in 
32  cases,  and  the  scarification  test  in  24  cases.  This  result  is  very  inter- 
esting in  connection  with  the  statements  in  the  literature  regarding  the 
comparative  sensitiveness  of  the  conjunctival,  scarification  and  ointment 
tests. 

AVolff-Eisner,  for  instance,  apparently  working  with  weaker  solutions, 
expresses  the  opinion  that  the  scarification  test  is  more  sensitive  than  the 
conjunctival,  and  that  it  shows  latent  foci  which  are  not  revealed  by  the 
conjunctival  unless  repeated  and  that  the  cutaneous  reaction  is  positive 
in  one-half  of  all  cases,  while  the  conjunctival  is  positive  in  but  one-sixth. 

Feer  found  the  conjunctival  test  very  uncertain  with  a  0.5  per  cent, 
solution,  and  frequently  negative  in  cases  which  were  positive  to  a  25 
per  cent,  solution  applied  cutaneously. 

Morelli,  in  100  cases  of  pulmonary  tuberculosis,  obtained  98  positive 
reactions  to  the  scarification  and  but  86  to  the  conjunctival  test.  In 
22  cases  of  tuberculosis  other  than  pulmonary,  he  obtained  72  per  cent, 
of  positive  reactions  to  the  scarification  and  63  per  cent,  to  the  conjunc- 
tival. In  96  cases  of  non-suspected  tuberculosis,  he  obtained  21  per  cent, 
of  positive  reactions  to  the  scarification,  and  11  per  cent,  to  the  conjunc- 
tival test. 

Stadelmann's  figures  correspond  with  Wolff-Eisner's,  and  they  share 
the  belief  that  the  conjunctival  reaction  indicates  an  active  tuberculous 
process,  while  the  cutaneous  suggests  inactive  or  latent  foci.  A  few  in- 
vestigators have  found  the  reactions  more  uniform  and  Calmette  inclines 
to  the  belief  that  tuberculous  lesions  are  more  frequently  found  by  the 
conjunctival  than  by  the  scarification  test. 

Wolfi'-Eisner  attempts  to  explain  the  greater  sensitiveness  of  the 
scarification  test  by  a  difference  between  the  abortive  power  of  the  skin 
and  conjunctiva;  the  absorption  in  the  skin  being  less,  the  concentrated 
tuberculin  remains  where  it  is  applied  until  the  cells,  which,  owing  to 
the  latent  nature  of  the  foci,  have  not  reacted  to  tuberculin  for  a  long 
time,  regain  their  power  to  react  under  the  influence  of  the  prolonged 
stimulation,  whereas  in  the  conjunctiva,  where  absorption  is  rapid,  the 
contact  is  not  long  enough  to  stimulate  the  formation  of  antibodies. 

On  the  basis  of  our  results,  we  can  not  share  in  this  opinion,  and, 
because  of  the  almost  absolute  uniformity  of  reaction  with  the  three 
tests,  we  believe  that  the  apparent  lessened  sensititiveness  of  the  conjunc- 
tiva is  to  be  accounted  for  on  some  other  basis.     There  must  be  some 
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satisfactory  way  to  account  for  the  differences  which  have  been  obtained 
by  different  investigators,  and  we  suggest  that  it  probably  depends  on  the 
use  of  solutions  of  varying  strengths  which,  in  the  case  of  the  tuberculin 
precipitate,  is  due  to  defective  technic  in  its  preparation.  In  the  descrip- 
tion which  we  have  given  of  this  procedure,  we  have  pointed  out  that  the 
precipitate  which  forms  after  the  concentrated  tuberculin  original  has 
been  added  to  the  alcohol,  should  be  separated  from  its  supernatant  liquid 
as  soon  as  possible.  If  this  is  not  done,  the  proteids  of  the  peptones 
and  beef  extract  contained  in  the  media  will  be  precipitated  out  and  col- 
lected with  the  tuberculin.  It  is  very  evident  that  percentage  solutions 
made  from  such  a  precipitate  would  be  much  weaker  than  corresponding 
percentage  solutions  prepared  from  a  pure  tuberculin  precipitate.  It  is 
not  unlikely  also  that  the  effect  of  too  prolonged  contact  of  the  alcohol 
with  the  precipitated  tuberculin  may  have  the  effect  of  denaturizing, 
and  thus  in  part  destroying  the  activity  of  the  tuberculin,  which  is  a 
proteid  body. 

We  believe,  therefore,  that  the  differences  in  results  which  have  been 
obtained  can  be  obviated  if  proper  care  is  practiced  in  the  preparation  of 
the  solutions  which  are  used,  and  that,  as  far  as  children  are  concerned, 
as  has  been  shown  by  our  results,  there  will  be  practically  absolute  uni- 
formity of  reaction  to  the  various  tests.  The  demonstration  of  this 
uniformity  of  reaction  we  consider  one  of  the  most  important  results  of 
our  investigation,  since  it  shows  that  none  of  the  three  tests  has  any 
advantage,  insofar  as  the  sensitiveness  to  reaction  is  concerned.  It  then 
becomes  a  question  as  to  which  of  the  three  is  most  desirable  from  other 
standpoints. 

Before  beginning  the  application  of  the  conjunctival  test,  we  had  no 
knowledge  of  any  serious  results  from  its  use.  It  is  unquestionably  much 
easier  of  application  than  the  other  tests,  and  it  probably  yields  results 
a  little  more  quickly,  but  it  has  the  great  disadvantage  of  producing  a 
decidedly  uncomfortable  lesion,  and  it  is  not  infrequently  followed  by 
serious  inflammations  of  the  eye,  which  not  only  produce  great  physical 
discomfort  and  require  weeks  of  active  treatment,  but  which  may  per- 
manently affect  the  vision  and  even  lead  to  its  complete  destruction.  In 
our  series  we  have  had  two  cases  of  severe  purulent  unilateral  conjunc- 
tivitis, six  of  severe  recurring  phlyctenular  conjunctivitis,  one  of  which 
developed  corneal  ulcers,  and  one  case  of  keratocyclitis  with  a  large 
central  corneal  ulcer.  Permanent  disturbance  of  vision  is  sure  to  follow 
in  this  last  case  from  the  central  scar,  even  should  the  associated  lesion, 
which  at  present  is  in  a  very  unpromising  condition,  clear  up  eventually. 
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These  results  are  by  no  means  unique,  many  similar  observations  hav- 
ing been  made.  Thus  Webster  and  Kilpatrick,  Moro,  Feer,  Schenck, 
Eppenstein  and  Gaupp,  in  their  reports,  refer  to  ten  cases  of  phlycten- 
ules; Van  Durme  and  Stocke  report  five  and  Schenck  and  Seifert  and 
Krause  and  Hertel  many  of  the  same  condition.  Ebstein,  de  Lapersonne 
and  Eppenstein  report  eight  cases  of  keratitis;  Hejinann  one  case  of 
iritis ;  Eenon  one  case  of  kerato-iritis ;  Simonin  one  case  of  corneal  ulcer ; 
Buch  one  case  of  conjunctival  hemorrhage;  de  Lapersonne  two  cases  of 
iridocyclitis;  Cassoute  one  case  of  serious  eye  trouble,  causing  loss  of 
vision,  and  Barbier  the  case  of  a  child  in  which  an  old  bilateral  keratitis, 
healed  for  one  year,  was  stirred  up  by  the  instillation  of  tuberculin,  con- 
tinued for  two  months,  and  caused  almost  complete  destruction  of  the 
sight  of  one  eye.  We  have  had  a  number  of  verbal  reports  of  eye  com- 
plications, some  relating  to  very  serious  conditions,  and  we  are  sure  they 
are  much  commoner  than  the  references  we  have  conmiunicated  would 
indicate. 

While  we  are  willing  to  admit  the  assertion  of  Calmette  that  many 
of  the  complications  may  be  due  to  the  reaction-inflammation  paving  the 
way  for  the  development  of  preexisting  or  superadded  infectious  organ- 
isms, we  do  not  feel  that  this  in  any  sense  justifies  the  test.  In  fact,  we 
are  strongly  of  the  opinion  that  any  diagnostic  procedure  which  will  so 
frequently  result  in  serious  lesions  of  the  eye,  irrespective  of  the  way  in 
which  it  produces  them,  has  no  justification  in  medicine,  especially 
since  there  are  other  diagnostic  tests  of  equal  if  not  superior  value,  which 
are  applicable  to  the  same  class  of  cases  and  not  attended  with  the  same 
disturbing  results.  We  refer  to  the  scarification  and  ointment  tests.  As 
to  the  relative  merits  of  these  two  tests,  we  feel  that  the  ointment  offers 
the  advantage  of  eliminating  any  denudation  of  the  surface  of  the  skin, 
thus  lessening  the  danger  of  infection. 

We  have  had  no  complaint  and  have  noted  no  evidence  of  discomfort 
during  the  reaction  to  the  scarification  test  and  nothing  other  than  itch- 
ing during  that  to  the  ointment  test.  We  have  seen  no  complications 
from  either,  although  we  note  in  the  literature  that  tuberculide  (v.  Pir- 
quet) ;  lichen  scrofulosorum  (Ferrand  and  Lemaire,  von  Pirquet,  Bagin- 
sky  and  Siccard,  Oppenheim)  ;  scrofuloderm  (Moro  and  Doganoff) ;  and 
lymphangitis  with  swelling  of  the  epitrochlear  glands  (Wolff-Eisner, 
Kronig)  have  followed  the  scarification  reaction,  and  lichen  scrofulo- 
sorum (Moro)  the  ointment  reaction. 

In  addition  to  this,  Feer  quotes  Pfaundler,  Moro  and  Doganoff  as  hav- 
ing "frequently  observed  phlyctenules"  appear  on  the  cornea  ten  or  fifteen 
days  after  the  application  of  the  scarification  test,  which  they  attributed 
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to  a  special  hypersensitiveness  of  the  entire  organism.  Feer  comnmni- 
cates  two  instances  of  his  own,  occurring  in  344  applications  of  the  cuta- 
neous test,  in  one  of  which  the  conjunctival  test  had  been  applied  ten 
days  previously.  It  is  not  stated  in  his  quotation  whether  the  conjunc- 
tival test  had  been  previously  applied  to  the  cases  of  the  authors  above 
mentioned.  It  would  seem  likely,  from  the  period  elapsing  between  the 
application  of  the  conjunctival  test  and  the  occurrence  of  the  phlycten- 
ules in  Feer's  second  case  that  the  phlyctenules  were  attributable  to  the 
conjunctival  rather  than  to  the  cutaneous  test. 

"Wolff-Eisner  refers  to  the  occurrence  of  phlyctenules  after  the  appli- 
cation of  the  scarification  test,  but,  in  making  the  statement  he  is  evi- 
dently quoting  from  the  observations  of  others.  In  any  event,  it  is  mani- 
fest from  the  reports  in  the  literature  that  complications  of  this  nature 
occur  much  more  frequently  after  the  eye  test  than  after  the  scarification 
test.  It  is  entirely  reasonable  that  it  should  be  so,  since  the  direct  appli- 
cation of  the  solution  to  the  eye  not  only  brings  the  conjunctival  tissue  in 
contact  with  a  larger  dose  of  the  tuberculin,  but  produces  an  inflam- 
matory lesion  which  renders  the  tissues  of  the  eye  more  vulnerable  to  in- 
fectious organisms,  which  may  be  in  the  eye  and  which  are  undoubtedly 
responsible  for  many  of  the  severe  concomitant  symptoms  in  these  cases. 

In  our  own  cases  the  eye  complications  occurred  in  all  but  two  before 
either  the  scarification  or  ointment  tests  had  been  applied.  In  these  two 
the  three  tests  were  applied  at  the  same  time,  and  in  them  we  have  cred- 
ited the  results  to  the  eye  test. 

If  sensitization  of  the  entire  organism  follows  the  application  of  the 
scarification  test,  as  the  authors  quoted  suggest,  it  is  not  surprising  that 
phlyctenules  should  follow,  since  their  occurrence  has  been  noted  after 
the  subcutaneous  test.  In  one  of  our  own  cases  (Case  62),  phlyctenules 
developed  nine  days  after  the  subcutaneous  injection,  the  conjunctival 
scarification  and  ointment  tests  having  preceded  the  subcutaneous  by  more 
than  one  month. 

It  is  very  probable  that  the  dosage  used  in  the  scarification  test,  the 
absorptive  power  of  the  skin  in  different  individuals,  as  well  as  the  man- 
ner of  applying  the  test,  especially  the  nature  of  the  scarification,  may 
have  some  bearing  on  this  question.  Generally  speaking,  we  do  not  be- 
lieve it  probable  that  a  systemic  reaction  is  likely  to  follow  the  applica- 
tion of  either  the  scarification  or  ointment  tests.  Thus  the  drop  of  10 
per  cent,  tuberculin  which  we  applied  to  the  skin  in  carrying  out  the  scari- 
fication test  was  equal  to  0.01  c.c,  which  contained  exactly  0.001  gm.  of 
tuberculin.  The  drop  containing  this  0.001  gm.  was  only  in  small  part  in 
contact  with  the  point  of  scarification,  the  greater  bulk  of  it  being  scat- 
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tered  around  its  borders.  Unless,  therefore,  it  was  absorbed  by  the  unbroken 
skin,  the  absorptive  properties  of  which  we  know  to  be  but  slight,  the 
amount  of  actual  tuberculin  taken  up  by  the  tissues  generally  must  have 
been  exceedingly  small;  and  when  we  realize  that  one-half  of  the  total 
quantity  of  tuberculin  contained  in  this  drop  was  injected  subcuta- 
neously  in  several  children  who  had  reacted  cutaneously  without  pro- 
ducing symptoms  of  systemic  reaction,  we  feel  that  the  chance  of  its 
occurrence  after  the  cutaneous  test  must  be  extremely  slight,  or  that  if 
it  does  occur  it  represents  an  extraordinarily  high  degree  of  sensitiveness. 
Furthermore,  we  believe  that  in  the  ujiinjured  skin  to  which  the  oint- 
ment in  the  amount  used,  0.15  gm.  equivalent  to  0.075  gm.  oi  tuberculin, 
is  applied,  absorption  of  tuberculin  sufficient  to  produce  an  vthing  beyond 
a  local  reaction  can  not  possibly  occur. 

LATE  REACTIONS. 

There  is  a  certain  peculiarity  of  the  reaction,  pointed  out  by  Stadel- 
mann,  which  is  worthy  of  consideration  and  which  seems  to  be  common 
to  all,  namely,  a  tendency  to  be  delayed  in  its  development  and  persistent 
in  its  duration.  This  delayed  reaction  may  follow  in  cases  in  which  the 
primary  reaction  was  early.  In  the  case  of  the  cutaneous  reaction  it  may 
persist  at  its  maximum  for  as  long  as  three  or  four  weeks.  We  have  not 
noted  what  we  felt  might  be  termed  a  delayed  reaction  after  any  of  our 
eye  or  scarification  tests ;  but  in  one  instance  we  had  a  persistence  of  the 
ointment  reaction  at  its  maximum  for  about  three  weeks.  An  effort  has 
been  made  to  explain  this  type  of  reaction  on  the  basis  of  the  histologic 
study  of  the  papule.  Daels  examined  four  such  papules  from  cadavers 
and  one  from  a  living  subject.  Some  of  these  showed  nothing  specific, 
but  in  two  cases  the  papule  accurately  reproduced  the  structure  of  the 
tubercle. 

This  histologic  picture,  which  was  discovered  in  very  circumscribed 
areas  by  the  examination  of  serial  sections,  made  him  suspect  the  pres- 
ence of  dead  bacteria  in  the  tuberculin,  which  suspicion  he  confirmed 
by  studying  the  centrif ugated  sediment  of  the  same  tuberculin  that  had 
produced  the  lesions. 

He  does  not  suggest  the  presence  of  dead  bacilli  in  the  tuberculin  as 
an  explanation  of  the  occurrence  and  genesis  of  the  von  Pirquet  reac- 
tion, but  makes  the  rather  interesting  observation  that  the  presence  of  the 
bodies  or  fragments  of  the  bodies  of  dead  bacilli  might  throw  some  light 
on  the  return  reactions  which  follow  the  subcutaneous  test,  as  well  as 
account  for  the  eye  reactions  which  sometimes  occur  in  apparently 
healthy  individuals  when  the  test  is  repeated  with  a  sufficiently  large 
dose. 
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The  changes  produced  in  the  conjunctival  sac  by  the  first  instillation 
are  generally  tuberculous  tissue  changes;  hence  the  second  and  third 
instillations  into  the  conjunctival  sac  produce  a  violent  reaction,  which 
is  in  accord  with  the  fundamental  discovery  of  Koch  that  tuberculin 
produces  inflammation  in  tuberculous  alterations.  If  the  phenomena  in 
the  eye  were  due  to  a  purely  fluid  poison,  it  would  be  hard  to  understand 
why  the  ability  to  react  which  is  produced  by  the  first  instillation  should 
persist  for  months,  and  also  why  this  ability  to  react  does  not  extend  to 
the  eye  as  a  whole,  in  view  of  the  rapidity  with  which  fluid  diffusible 
substances  introduced  into  the  conjunctiva  make  their  way  into  the  eye. 

The  theory  of  Wolff-Eisner  that  the  eflBcacy  of  tuberculin  injections 
and  inoculations  depends  on  the  presence  of  the  bodies  of  dead  bacteria 
in  the  tuberculin^in  other  words,  that  it  is  a  bacteriolytic  reaction — is 
in  accord  with  these  views. 

Bandler  and  Kreibisch  also  studied  the  late  papules  histologically 
and  observed  infiltration  with  mononuclear  cells  and  some  epithelioid  cells 
and  giant  cells  or  what  they  termed  the  beginnings  of  giant  ceUs,  which, 
however,  differed  from  the  Langhans  type.  These  findings  are  interest- 
ing and  stimulated  us  to  make  histologic  studies  of  the  papules  from  the 
delayed  abdominal  reaction,  above  referred  to.  For  the  sake  of  compari- 
son, we  studied  with  this  a  papule  from  a  normal  reaction.  The  sections 
were  kindly  made  and  reported  on  by  Dr.  C.  Y.  White,  and  confirmed  by 
Dr.  M.  B.  Hartzell.  They  agreed  that  neither  lesion  differed  in  any 
way  from  the  ordinary  histologic  picture  of  simple  inflammation  of 
the  skin. 

COXFIEMATION  BY  THE  SUBCUTAXEOra  TEST. 

In  eighty-five  cases  we  applied  the  subcutaneous  test  in  confirmation 
of  the  other  tests.  Sixty-three  of  these  had  been  positive  to  the  super- 
ficial tests  and  twenty-two  negative.  The  subcutaneous  test  verified  aU 
the  negative  cases,  by  showing  no  evidence  of  reaction.  In  two  of  the 
positive  cases,  this  confirmation  was  lacking,  and  in  one  case  doubtful. 

The  injections  were  given  in  the  lower  right  or  left  lumbar  region. 
When  it  was  necessary  to  repeat  the  dose,  it  was  given  on  the  opposite 
side. 

In  the  first  group  of  nine  cases,  including  negative  cases  and  mild 
reactions,  the  dosage  was  0.1  mg.  The  only  evidence  of  reaction  occurred 
in  the  mild  cases,  and  this  was  definite  enough  to  leave  no  question  as 
to  the  nature  of  the  reaction. 

In  the  second  group  we  gave  0.1  mg.  subcutaneously  and,  after  forty- 
eight  hours,  repeated  the  test  in  the  doubtful  cases,  giving  0.5  mg. 
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In  the  third  group  of  somewhat  older  children  we  gave  0,5  mg.,  as  the 
initial  dose,  in  the  doubtful  cases,  repeating  with  1  mg. 

In  the  last  group  we  gave  0.75  mg.  as  an  initial  dose  and  found  it 
unnecessary  to  repeat  the  injection  in  any.  We  observed  no  severe  re- 
actions. In  one  case  there  was  vomiting  about  fourteen  hours  after  the 
injection  and  in  another  enlargement  of  the  inguinal  glands  associated 
with  tenderness  and  some  lymphangitis. 

RETURN   REACTIONS. 

We  observed  very  striking  return  reactions  in  all  but  16  per  cent,  of 
the  cases,  67  per  cent,  of  the  total  number  showing  return  conjunctival 
reactions,  65.5  per  cent,  return  cutaneous  reactions  and  59  per  cent,  re- 
turn ointment  reactions.  There  were  no  evidences  of  inflammatory 
reaction  in  any  of  the  tuberculin  areas  in  the  cases,  which  had  been 
negative  to  the  original  tests.  The  most  striking  return  reactions  were 
those  occurring  on  the  abdomen  over  the  area  to  which  the  ointment  had 
been  applied  (Fig.  9).  This  so-called  return  reaction,  as  it  appears 
after  the  cutaneous  and  ointment  reactions,  does  not  possess  the  charac- 
teristics of  the  original  reaction.  It  is  merely  a  mottled,  pinkish  blotch- 
ing of  the  regions  which  had  been  occupied  by  the  original  reaction  and 
shows  neither  elevation,  papulation  nor  induration.  The  difference  is 
very  clearly  shown  by  a  comparison  of  tlie  sketches  showing  the  original 
and  return  abdominal  reactions. 

We  observed  no  return  reactions  following  the  application  of  the 
superficial  tests  in  the  cases  in  which  they  were  made  at  intervals.  In 
several  cases  in  which  a  second  eye  test  was  made  in  the  original  control 
eye  there  was  a  slight  reaction  in  the  opposite  eye  (original  test  eye). 
In  this  connection  it  may  be  pointed  out  that,  in  a  few  instances,  we  ob- 
served a  bilateral  conjunctival  reaction  after  the  instillation  in  one  eye, 
a  point  which  has  been  commented  on  quite  frequently  by  other  investi- 
gators and  which  has  been  explained  most  commonly  on  the  basis  of  a 
transmission  of  the  tuberculin  from  one  eye  to  the  other,  by  rubbing  first 
the  instilled  and  then  the  control  eye. 

POSTMORTEM    CONFIRMATION. 

In  the  few  instances  in  which  we  were  able  to  obtain  autopsies  the 
postmortem  findings  confirmed  the  results  of  the  tests  applied.  Where 
the  reactions  were  negative  the  autopsies  failed  to  reveal  any  evidences 
of  tuberculosis.  In  one  case  in  which  only  the  conjunctival  test  was 
applied  with  a  positive  reaction,  some  cervical  glands  removed  surgically 
were  proved  tuberculous  by  the  histologic  examination,  and  in  another 
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case  reacting  to  the  conjunctival  test,  miliary  tuberculosis,  tuberculous 
meningitis  and  enlarged  tuberculous  mesenteric  glands  were  found  at 
the  autopsy. 

There  has  been  a  considerable  amount  of  postmortem  study  of  cases 
in  which  the  conjunctival  and  cutaneous  tests  have  been  applied.  Von 
Pirquet  made  autopsies  on  one  hundred  children  whom  he  had  tested 
subcutaneously.  Fifty-two  of  these,  in  whom  the  scarification  test  had 
been  negative,  showed  no  tuberculous  changes  macroscopically.  Thirty- 
four  of  his  patients  died  of  tuberculosis,  diagnosed  clinically.  Thirteen 
of  these  had  been  tested  during  the  last  ten  days  of  life  and  none  of 
them  had  reacted.  Thirteen  patients,  d3ing  of  non-tuberculous  con- 
ditions, had  sho\vn  tuberculosis  as  an  acceeson-  finding.  In  this  latter 
group  nine  had  reacted  positively,  while  in  four,  of  whom  three  were 
not  examined  within  the  last  ten  days  of  life,  the  test  was  negative,  and 
in  one  case,  which  had  reacted,  no  macroscopic  evidences  of  tuberculosis 
were  foiind  at  autopsy. 

Blum,  Comby,  Morelli,  "Wolff-Eisner,  Letuelle,  Prouff,  A.  Marie, 
Kaviart,  Otto  Grunbaum,  Hischler,  Eyre,  Wedd  and  Herz,  Feer  and 
Gaupp  made  autopsies  in  a  large  number  of  cases  (more  than  sixty)  in 
which  either  the  conjunctival  or  scarification  tests  had  been  applied  and, 
without  exception,  confirmed  both  their  positive  and  negative  findings. 
On  the  other  hand,  Bourget  quotes  two  cases,  one  of  hemiplegia  and  one 
of  acute  peritonitis;  Massary  and  Weil  a  case  of  carcinoma;  Bourget  and 
Stilling  a  case  of  typhoid  fever;  Cohn  and  Simonin  each  a  similar  case, 
in  which  they  obtained  positive  conjunctival  reactions  and  failed  to  find 
evidences  of  tuberculosis  at  the  autopsy. 

It  will  be  seen  from  the  foregoing  that  the  results  of  postmortem 
investigation  have,  in  the  main,  confirmed  the  specificity  of  these  re- 
actions. The  value  of  the  negative  results,  as  Soques  has  pointed  out, 
may  always  be  questioned,  unless  thorough  macroscopic,  microscopic  and 
bacteriologic  examinations,  and  animal  injections  of  the  tissues  have 
been  made. 

"When  we  realize  that  any  of  these  tests  will  reveal  the  most  minute 
foci  of  tuberculosis,  it  is  very  easy  to  understand  how  readily  the  lesions 
may  be  overlooked  in  the  course  of  an  ordinary  autopsy. 

"When  tuberculous  lesions  are  found  at  the  autopsy  in  cases  which 
have  not  reacted,  the  relationship  between  the  time  of  reaction  and  the 
date  of  death  must  be  taken  into  consideration,  because  it  is  the  rule 
that  tuberculous  cases  fail  to  react  during  the  last  days  of  life,  as  well  as 
under  certain  other  conditions. 
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For  instance,  in  one  of  our  cases  of  advanced  pulmonary  tubercu- 
losis, the  patient  being  cachectic  and  emaciated,  we  obtained  negative 
results  to  all  three  of  the  superficial  tests,  as  well  as  to  the  subcutaneous. 
In  the  experience  of  those  who  have  used  these  tests,  negative  results  have 
been  almost  universal  in  cases  of  this  type. 

Dufour  states  that  since  1899  he  has  had  uniformly  negative  results 
to  the  subcutaneous  test  in  cachectic  cases,  in  individuals  attacked  with 
acute,  fatal  tuberculosis,  and  in  practically  all  tuberculous  cases  during 
the  last  few  days  of  life.  With  the  newer  tests,  the  results  have  been 
the  same.  This  phenomenon  is  explained  on  the  basis  that  the  organism 
is  so  overwhelmed  by  the  poisons  of  tuberculin,  that  it  loses  its  power 
to  react,  or,  as  Baldwin  expresses  it,  there  occurs  an  exhaustion  of  the 
reactive  mechanism  by  the  excessive  absorption  of  poison.  Von  Pirquet 
makes  the  suggestion,  on  the  basis  of  some  of  his  results,  that  the 
absence  of  reaction  during  the  last  days  of  life  may  be  only  relative  and 
can  be  overcome  by  very  large  doses  of  the  poison. 

It  not  infrequently  happens  that  individuals  who  fail  to  react  to  the 
first  test  will  react  when  the  test  is  repeated.  This  has  been  interpreted 
to  mean  that  such  individuals  are  the  bearers  of  latent  foci  and,  as  their 
tissues  'have  not  been  in  contact  with  the  poisons  of  the  tubercle  bacillus 
for  a  long  time,  the  first  application  of  the  tuberculin  merely  stimulates 
immunization,  thus  paving  the  way  for  the  occurrence  of  a  reaction  to 
the  second  test. 

This  question  is  closely  related  to  the  sensitizing  of  the  tissues,  in 
regard  to  which  there  must  exist  a  great  diversity  of  opinion  until  added 
knowledge  makes  it  possible  for  us  to  arrive  at  more  definite  conclusions. 
Von  Pirquet  admits  the  possibility  of  inoculation  producing  immunity, 
but  inclines,  from  his  experiences  in  the  inoculation  of  tuberculin,  to 
believe  that  it  is  not  followed  by  hypersensitiveness. 

The  latter  view  is  maintained  by  "Wolff-Eisner,  Calmette  and  many 
others,  and  certainly  the  histologic  findings  of  Daels  previously  referred 
to  would  seem  to  require  some  explanation  in  this  connection. 

This  question  of  anaphylaxis  will  necessarily  throw  some  doubt  on 
the  absolute  specificity  of  the  tuberculin  test,  if  it  is  proved  that  it  is 
entirely  possible  to  produce  a  condition  of  hypersensitiveness  in  the  use 
of  tubercu  in.  On  the  other  hand,  the  weight  of  experience,  the  enormous 
percentage  of  postmortem  confirmations  of  the  subcutaneous  tests  in 
animals,  and  of  the  superficial  tests  in  human  beings  and  the  almost 
uniform  confirmation  of  the  superficial  test  by  the  subcutaneous  method, 
would  seem  to  suggest  that  the  tests  can  be  relied  on  to  indicate  the 
existence  of  tuberculosis  in  human  beings,  except  in  the  type  of  cases 
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which  has  been  previously  referred  to.  Admitting  this,  the  value  of 
these  tests,  from  the  standpoint  of  diagnosis,  would  be  absolute  as  to 
the  existence  of  some  form  of  tuberculosis,  but  the  fact  that  they  reveal 
the  most  minute  and  even  the  inactive  and«possibly  healed  forma  of  the 
disease,  together  with  their  failure  to  react  in  the  presence  of  associated 
cachexia  and  in  the  advanced  stages  of  the  disease  and  especially  in  the 
most  acute  forms  of  tuberculosis,  make  them  of  much  less  value  than 
we  had  hoped  they  might  be  in  the  differential  diagnosis  between  the 
irregular  types  of  tuberculosis  and  other  conditions  which  simulate  them. 

Krause,  Liesenberger  and  Euss,  as  well  as  Cohn,  obtained  a  large 
percentage  of  positive  results  with  the  conjunctival  test  in  cases  of 
typhoid  fever  and  also  obtained  positive  results  in  tuberculous  cases  by 
the  instillation  of  typhoid  toxin,  from  which  they  argue  that  the  test  is 
not  specific  and  that  reactions  are  simply  an  expression  of  a  hypersensi- 
tiveness  of  the  organism  to  toxins  in  general.  One  of  Cohn's  cases  came 
to  autopsy  and  showed  no  evidences  of  tuberculosis.  Bourget  and 
Stilling  also  report  a  positive  conjunctival  test  in  a  case  of  typhoid  fever 
which  showed  no  lesions  of  tuberculosis  at  the  autopsy.  These  results 
have  not,  however,  been  confirmed  by  the  observation  of  others.  In  our 
series,  the  test  was  applied  to  three  cases  of  typhoid  fever,  both  during 
the  febrile  period  and  in  convalescence.  In  two  cases,  the  result  was 
negative,  while  in  the  other  it  was  positive  at  both  periods  of  the  disease. 

Austin  and  Griinbaum,  Leroux,  Trannoy,  Hutchings,  Lesne  and 
Marre,  Olmer  and  Terras,  Levy  and  Wplff-Eisner  report  negative  results 
in  nineteen  cases  of  typhoid  fever.  The  negative  results  in  cases  of 
typhoid  fever  just  quoted  would  seem  to  disprove  the  theory  of  the 
authors  first  mentioned  and  negative  the  value  of  their  findings,  as  bear- 
ing on  the  specificity  or  diagnostic  value  of  the  tests. 

It  would  seem  to  us  that  the  negative  results  are  probably  of  more 
value  than  the  positive  findings  in  differential  diagnosis,  except  in  serious 
febrile  conditions.  They  definitely  eliminate  the  possibility  of  tuber- 
culosis. 

We  believe  that  the  test  will  prove  of  value  in  its  positive  results 
in  making  it  possible  to  separate  the  infected  from  the  non-infected  in 
institutions  in  the  early  recognition  of  infection  and  the  consequent 
early  adoption  of  treatment  in  the  determination  of  the  beginning  of  the 
infection,  especially  in  tuberculous  families,  and  possibly  in  connection 
with  the  determination  of  the  origin  of  certain  cases  or  groups  of  cases, 
as  well  as  in  stimulating  us  to  a  more  careful  study  of  the  methods  of 
transmission  of  the  disease.  The  observations  of  Eosenberger  regarding 
the  frequency  of  tubercle  bacilli  in  the  stools,  even  in  cases  not  clinicallv 
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tuberculous,  as  well  as  the  recognition  of  the  tubercle  bacilli  in  the  urine, 
suggest  the  possibility  of  a  more  frequent  transmission  of  contagion 
through  the  medium  of  the  discharges  than  we  have  been  inclined  to 
believe.  This  would  seem  to  be  an  especially  probable  mode  of  trans- 
mission in  the  large  overcrowded  institutions,  in  which  the  soiled  body 
and  bed  linens  are  washed  either  infrequently  or  inadequately.  In  an 
institution,  for  instance,  such  as  that  from  which  the  majority  of  our 
cases  have  been  drawn,  it  would  seem  unlikely  that  the  number  of 
actively  tuberculous  cases,  especially  of  pulmonary  cases,  would  be  suf- 
ficient to  account  for  the  widespread  dissemination  of  infection  which 
exists  there,  and,  unless  we  assume  that  these  children  are  infected 
either  prior  to  admission  or  that  they  are  infected  through  the  medium 
of  the  milk  which  is  supplied  them,  we  must  conclude  that  there  is  some 
other  manner  of  transmission  of  the  disease. 

There  has  been  some  effort  made  to  place  a  prognostic  significance 
on  the  type  of  reaction,  especially  on  the  type  of  the  cutaneous  reaction. 
It  would  seem  possible  that  a  gradual  diminution  of  reaction  in  the 
advanced  cases  may  indicate  an  unfavorable  course. 

COMPARISON  OF  HUMAN  AND  BOVINE  SGAEIFICATION  TESTS- 

Suggested  by  the  differential  tuberculin  reaction  of  Detre,  by  which 
he  attempts  to  differentiate  between  the  bovine  and  human  type  of  infec- 
tion by  the  differences  in  reaction  to  filtrates  of  the  human  and  bovine 
bacilli,  we  applied,  by  the  scarification  method,  10  per  cent,  solutions  of 
tuberculin  original — prepared,  the  one  from  bovine,  the  other  from 
human  cultures — in  the  same  individual.  The  upper  arm  was  chosen 
for  the  application  and  the  tests  were  applied  in  twenty-four  cases.  The 
results  showed  the  reaction  to  the  human  tuberculin  the  stronger  in 
eleven  cases,  two  of  these  which  reacted  strongly  not  reacting  at  all  to 
the  bovine.  The  degree  of  reaction  was  the  same  in  eight  cases  and  in 
two  it  was  much  stronger  to  the  bovine  than  to  the  human,  while  in 
three  there  was  no  reaction  to  either.  Generally  speaking,  the  differences 
in  degree  of  reaction  where  the  one  was  stronger  than  the  other  were  very 
striking.  While  these  figures  are  of  no  value  for  purposes  of  deduction, 
they  are  nevertheless  somewhat  suggestive. 

ANIMAL   EXPERIMENTS. 

In  the  hope  that  we  might  be  able  to  throw  some  light  on  certain 
interesting  features  of  this  question,  we  undertook  some  experimental 
work  on  rabbits. 
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Wliat  we  aimed  to  accomplish  was  to  determine  whether  the  type  of 
the  reaction  bore  any  relationship  to  the  stage  of  the  disease  or  the  nature 
or  location  of  the  lesion.  Incidentally,  we  endeavored  to  create  immunity 
in  several  normal  rabbits  by  the  intraperitonieal  injection  of  tubercle 
toxin  and  to  sensitize  the  conjunctival  tissues  in  two  normal  rabbits  and 
one  tuberculous  rabbit,  which  had  shown  no  tendency  to  react,  by  the 
repeated  instillation  of  tuberculin  precipitate. 

For  some  reason,  which,  up  to  the  present,  we  have  been  unable  to 
explain,  our  results  were  entirely  negative.  In  the  case  of  the  attempts 
to  induce  immunity  this  may  not  be  surprising,  but  our  failure  to  obtain 
reactions  in  definitely  tuberculous  animals — proved  by  autopsy — the  re- 
sult is,  to  say  the  least,  confusing. 

We  were  at  first  inclined  to  believe  that  the  inoculation  with  a  bovine 
culture  and  the  use  of  tuberculin  of  human  origin  might  have  some 
bearing  on  the  result;  but  we  note  that  Calmette,  Breton  and  Petit  ob- 
tained positive  reactions  in  rabbits  under  similar  conditions,  from  which 
we  assume  that  this  explanation  is  not  satisfactory.  We  then  incrim- 
inated the  dosage,  feeling  that  we  might  have  overwhelmed  the  animals 
with  so  much  toxin  that  immunity  was  not  established.  When  we  came 
to  post  our  animals,  we  found  that  intravenous  rabbit  No.  4,  killed  on 
the  fifty-first  day,  showed  little  beyond  a  lesion  at  the  point  of  injection. 
We  felt  that  this  accusation  would  not  hold  for  this  case.  When  we 
found  that  one  of  our  control  rabbits  which  had  had  its  eye  instilled  on 
the  fifth  of  April  (normal  rabbit  No.  1),  and  was  killed  on  the  sixth  of 
May,  showed  a  few  tubercles  in  the  left  lung,  we  were  still  further  con- 
vinced that  the  dose  was  not  responsible  for  our  negative  results.  We 
must,  however,  consider  the  possibility  of  infection  in  this  case  between 
the  date  of  the  last  reaction  (April  5)  and  the  time  of  the  autopsy 
(May  6). 

In  the  light  of  the  fact  that  the  authors  mentioned,  together  with 
Nobecourt  and  Montoux,  A'allee,  Lingnieres,  Naegeli,  Akerblom  and 
Venier  and  Gilliland  (the  last-named  working  with  the  same  tuberculin 
which  we  used  and  in  the  same  dosage),  have  obtained  positive  eye  re- 
actions after  infecting  their  rabbits  with  both  types  of  organisms,  with 
varying  doses,  many  of  them  larger  than  ours,  and  by  the  various  methods, 
we  feel  that  our  negative  findings,  while  failing  to  accomplish  the  pur- 
poses we  had  in  view,  have  nevertheless  presented  a  new  problem  which 
we  hope  to  solve  by  further  investigation. 

The  tuberculin  which  we  used  in  testing  these  animals  was  of  the 
same  lot  that  we  used  successfully  in  human  beings,  both  before  and 


36 


after  these  experiments  were  done.  The  variability  of  the  results  of  the 
authors  referred  to  may  bear  some  relationship  to  our  uniform  negative 
results. 

LABORATORY  REPORT  ON  THE  ANIMAL  EXPERIMENTS. 

Culture  Used  for  Inoculation. — Culture  H  of  the  laboratory  of  the  State  Live 
Stock  Sanitary  Board.  It  is  a  virulent  bovine  culture,  and  has  been  growing  on 
artificial  media  since  about  1902. 

Preparation  of  Emulsion. — The  emulsion  was  made  from  a  six  weeks  old 
bouillon  culture  and  in  such  strength  that  1  c.c.  of  emulsion  represented  0.001 
gm.  of  dry  tubercle  bacilli. 

Animals  Used. — Seventeen  rabbits  were  used  in  these  experiments;  twelve 
were  inoculated  with  the  above  emulsion;  four  intraperitoneally  with  0.5  c.c. 
(herein  referred  to  as  intraperitoneal  rabbits  1,  2,  3  and  4)  ;  subcutaneously 
with  1  c.c.  (subcutaneous  rabbits  1,  2,  3  and  4)  ;  four  intravenously  with  0.25 
c.c.  (intravenous  rabbits  1,  2,  3  and  4)  ;  two  received  subcutaneous  injections  of 
tuberculous  toxin  (filtrate  from  six  weeks  old  culture)  (toxin  rabbits  1  and  2)  ; 
three  were  not  inoculated   (normal  rabbits  1,  2  and  3). 

Tuberculin  precipitate  is  indicated  in  the  following  tables  by  "T.  P.": 

CTIVAL  TUBERCULIN  REACTION  EXPERIMENTS  ON  KNOWN 
TUBERCULOUS  RABBITS. 


CONJUN 

Date. 

Day. 

Feb. 
26 

1 

28 

3 

March 

(. 

2     . 

6 

5 

9 

5 

9 

10 

14 

12 

16 

17 

21 

18 

22 

20 

24 

30 

34 

April. 

8 

43 

16 

51 

March. 

2 

1 

9 

7 

23 

21 

Table  of  Results. 

No.  of  Eabbits,  Instillation,  etc. 

Intraperitoneal  Raihit  1. 

Inoculated  four  rabbits  intraperitoneally 
Instilled  left  eye  0.5  per  cent.  T.  P. 

Instilled  right  eye  0.5  per  cent.  T.  P. 
Autopsy;  see  below. 

Intraperitoneal   Rabbit   2. 

Instilled  left  eye  0.5  per  cent.  T.  P. 
Instilled  right  eye  0.5  per  cent.  T.  P 
Autopsy;   see  below. 

Intraperitoneal  Rabbit  S. 

Instilled  left  eye  0.5  per  cent.  T.  P. 
Instilled  right  eye  0.5  per  cent.  T.  P. 
Autopsy;  see  below. 

Intraperitoneal  Rabbit  4. 

Instilled  left  eye  0.75  per  cent.  T.  P. 

Instilled  right  eye  1  per  cent.  T.  P. 
Died.     Autopsy;    see  below. 

Inoculated  four  rabbits  subcutaneously. 

Subcutaneous  Rabbit  1. 

Instilled  left  eye  0.5  per  cent.  T.  P. 
Abscess  at  seat  of  inoculation  at  this  date. 
Instilled  right  eye  0.5  per  cent.  T.  P. 


18  hrs.     24  hrs.     48  hrs. 


Neg.        Neg.        Neg. 


Neg.        Neg. 


Neg.        Neg.        Neg. 
t .  .  .  .  ....         Neg. 


....  $....  Neg. 

....  $....  %.... 

....  %....  Neg. 

Neg.  Neg.  Neg. 


Neg. 


Necr. 


Neg. 
Neg. 


Neg. 
Neg. 
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Date.    Day. 

April. 
2        31 


14 


43 


30 

59 

30 

59 

May. 

5 

64 

March. 

13 

1 

17 

5 

23 

11 

25 

13 

30 

18 

Apr. 

14 

33 

16 

35 

May. 
1         50 
5         54 


March. 
20  5 

24  9 

26         11 


30         15 
April. 
16         16 
12         28 


No.  of  Rabbits,  Instillation,  etc. 
Subcutaneous  Rabbit  i. 

Instilled  left  eye   1   per  cent.  T.  P. 
Abscess  discharging  at  this  date. 
Instilled  right  eye  1  per  cent.  T.  P. 

Subcutaneous  Rabbit, S. 
Instilled  left  eye  0.75  per  cent.  T.  P. 

Subcutaneous  Rabbit  4. 
Instilled  left  eye  0.75   per  cent.  T.  P. 

Autopsies  done  on  all  subcutaneous  rabbits;  see  below. 

Inoculated  four  rabbits  intrathoracically. 


18  hrs. 

24  hrs. 

48  brs. 

Neg. 

Neg. 

Neg. 

Neg. 

Neg. 

Neg. 

Neg. 

Neg. 

Neg. 

Neg. 

Neg. 

Neg. 

Intrathoracic  Rabbit  1. 

Instilled  left  eye  0.5  per  cent.  T.  P. 
Instilled  right  eye  0.75  per  cent.  T.  P. 
Autopsy;    see  below. 

Intrathoracic  Rabbit  2. 
Instilled   left  eye  0.75  per  cent.  T.   P. 

Instilled  right  eye  1  per  cent.  T.  P. 
Autopsy;   see  below. 

Intrathoracic  Rabbit  S. 
Died.     Autopsy;  see  below. 

Intrathoracic  Rabbit  4. 

Instilled  left  eye  0.3  per  cent.  T.  P. 

Autopsy;   see  below. 

Inoculated  four  rabbits  intravenously,  March  16, 


Neg.        Neg. 
Neg.        Neg. 


....       t.... 
Neg.        Neg. 


Neg. 
Neg. 


Neg. 
Neg. 


Neg.        Neg.        N^. 


14 


30 


Intravenous  Rabbit  1. 

Instilled  left  eye  0.75  per  cent.  T.  P.  Neg.        Neg.        Neg. 

Instilled  right  eye  0.75  per  cent.  T.  P.  Neg.  Neg.        Neg. 

Autopsy;  see  below. 

Intraverums  Rabbit  2. 
Instilled  left  eye  1  per  cent.  T.  P.  Neg.        Neg.        Neg. 

Instilled  right  eye  0.3  per  cent.  T.  P.  Neg.        Neg.        Neg. 

Autopsy;  see  below. 

Intravenous  Rabbit  S. 
Died  before  test  was  applied.  Autopsy;  see  below. 
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Date.    Day.  No.  of  Eabbits,  Instillation,  etc.  18  hrs.     24  hrs.    48  hrs. 

Intravaneous  Rabbit  ^. 

30        46        Instilled  left  eye   0.3  per  cent.  T.   P.  Neg.        Neg.        Neg. 

May. 
5        51        Autopsy;  see  below. 

•A  very  faint  injection  of  the  vessels  which  we  considered  negative.  It  did 
not  develop  until  48  hours. 

tAn  injection  very  slightly  more  marked  than  Note  1.  Since  this  is  the  only 
rabbit  in  which  we  obtained  this  result,  we  considered  it  negative. 

%A  milky  discharge  from  the  inner  canthus.  Not  pus;  unaccompanied  by  any 
injection  of  the  vessels.    Negative. 

VON  PIRQUET    (scarification)    AND  MORO    (OINTMENT)    TEST 
EXPERIMENTS.* 

'Normal  Rabbit  2. 


Date. 
May 

2 
April. 

2 

Day  of 
Disease. 

No.  of  Rabbit,  Test,  etc. 
Sacrification  test. 

Ointment  test. 

Normal  Rabbit  S. 

^Results 

24  hrs. 
Neg. 

Neg. 

i 

48  hrs. 
Neg. 

Neg. 

2 
2 

•• 

Scarification  test. 
Ointment  test. 

Toxin  Rabbit  1. 

Neg. 
Neg. 

Neg. 

Neg. 

2 
2 

24 

24 

Scarification  test. 
Ointment  test. 

Toxin  Rabbit  2. 

Neg. 
Neg. 

Neg. 
Neg. 

2 
2 

24 
24 

Scarification  test. 
Ointment  test. 

Intrathoracic  Rabbit  4- 

Neg. 
Neg. 

Neg. 
Neg. 

2 
2 

51 
51 

Scarification  test. 
Ointment  test. 

Intravenous  Rabbit  4- 

Neg. 
Neg. 

Neg. 
Neg. 

2 
2 

48 
48 

Scarification  test. 
Ointment  test. 

Subcutaneous  Rabbit  1. 

Neg. 
Neg. 

Neg. 
Neg. 

2 
2 

61 
61 

Scarification  test. 
Ointment  test. 

Subcutaneous  Rabbit  2. 

Neg. 
Neg. 

Neg.' 
Neg. 

2 
2 

61 
61 

Scarification  test. 
Ointment  test. 

Neg. 
Neg. 

Neg. 
Neg. 

•Scarification  test  sol.  20  per  cent.  Koch's  old  tuberculin.     Ointment  test  sol. 
equal  parts  tuberculin  original  and  lanolin   (anhydrous). 
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EXPERIMENTS 

To  Detebmjne  Whether  the  Conjunctival  Tissues  Can   Be  Sensitized  bt 

THE  Instillation  of  Tuberculin  Precipitate;  Whether  This  Results 

FROM  Frequently  Repeated  Instillations  or  from  Instillations 

Made  at  Longer  Intervals  ;  and  the  Time  Required  to  Sensitize. 

Three  rabbits  were  used;  two  normal   (Xormal  No.  1  and  Normal  No.  2)   one 
tuberculous   ( subcutaneous  No.  1 ) . 

Strength  of 
No.  of  Tuberculin      Result 

Date.  Day.  Eye.       Instillation.      Per  Cent.        24  hrs. 


Feb. 
April. 


April. 


35 
38 


Normal  Rabbit  1. 
Left  1 

Loft  2 

Right  1 

See  autopsy. 

Normal  Rabbit  2. 


3 

2 

5 

4 

6 

5 

i 

6 

8 

Hfntt 

7 

jaay. 
1 

30 

March. 

9 

1 

25 

15 

April. 

2 

24 

3 

25 

5 

27 

6 

28 

7 

29 

8 

30 

30 

52 

Left 
Left 
Left 
Left 
Left 
Right 

Right 


0.5 

1 
1 


Neg. 

Neg. 
Neg. 


Neg 
Neg 


Neg, 

Neg 

Neg. 


Subcutaneous  Rabbit  1. 


Left 

1 

Right 

1 

Left 

2 

Left 

3 

Left 

4 

Left 

5 

Left 

6 

Right 

2 

Left 

7 

0.5 

Neg. 

.75 

Neg. 

Neg. 

Neg. 

t... 

Neg. 

Neg. 

Neg. 

.3 

Neg. 

*Very  slight  injection  of  vessels,  a  milky  fluid  from  inner  canthus  and  a 
sticky,  granular  appearance  of  conjunctiva. 

tSome  swelling  of  conjunctiva  at  inner  canthus;  injection  of  vessels  equal 
in  both  eyes. 

tA  very  slight  injection  of  vessels. 


EXPERIMENTS 

To  Determine  if  the  Subcutaneous  Injection  of  Tuberculin  will  Sensitizb 

the  Tissues  of  the  Eye  to  the  Tuberculin  Precipitate,  and  if 

Eyes  Which  Had  Already  Been  Instilled  Would  Show 

Any  Inflammatory  Reaction. 

Three  rabbits  were  used;  Normal  rabbit  3,  an  animal  on  which  no  work  bad 
been  done;  Normal  rabbit  2,  whose  eyes  had  been  tested  (see  sensitizing  experi- 
ment) ;  Intraperitoneal  rabbit  4,  whose  eyes  also  had  been  tested  (see  conjunc- 
tival tuberculin  tables). 
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As  shown  in  the  accompanying  tables,  the  temperatures  of  these  rabbits  were 
taken  three  times  a  day  for  three  successive  days;  0.1  c.c.  of  Koch's  old  tuberculin 
was  injected  subcutaneously  into  each  rabbit  on  the  fourth  day  at  8  a.  m.  and 
temperatures  were  taken  at  12,  noon,  and  every  two  hours  thereafter  until  6 
p.  m.  and  again  at  8  a.  m,  of  the  next  day. 


Date. 

Time. 

Normal  3. 

Normal  2.    Ii 

itraperiton 

April. 

9 

2  p.m. 

101.1 

101.0 

102.3 

9 

5  p.m. 

100.4 

101.2 

102.4 

10 

8  a.m. 

99.0 

103.2 

10 

12  m. 

101.1 

101.1 

101.3 

10 

5  p.m. 

100.3 

100.2 

102.4 

11 

8  a.m. 

99.4 

100.0 

102.3 

11 

12  m. 

100.4 

100.0 

103.2 

11 

5  p.  m. 

102.0 

101.0 

104.0 

12 

8  a.  m. 

1/10  c.c. 

tuberculin  subcutaneously. 

12 

,     12  m. 

101.3 

100.0 

103.4 

12 

2  p.m. 

102.1 

101.1 

104.2 

12 

4  p.  m. 

102.2 

100.1 

103.4 

13 

8  a.  m. 

101.2 

100.1 

103.2 

During  the  forty-eight  hours  following  the  subcutaneous  injection  of  tuberculin 
in  normal  rabbit  No.  2  and  intraperitoneal  rabbit  No.  4  the  conjunctival  condi- 
tions were  watched,  but  no  change  occurred.  The  following  table  will  show,  in 
the  case  of  the  first  two  animals,  by  how  many  days  the  various  eye  instilla- 
tions preceded  the  subcutaneous  injection  and,  in  the  case  of  the  third  animal, 
the  number  of  days  intervening  between  the  subcutaneous  injection  and  the 
various  tests: 

Table  of  Results. 
Normal  Rabbit  2. 

Date.  Day.                    Instillation,  Etc.  24hrs.  48  hrs. 
April. 

2  11  Instilled  left  eye,  1  per  cent,  tuberculin  precipitate.  Neg.  Neg. 

3  10  Reinstilled  left  eye,  1  per  cent,  tuberculin  precipitate.  Neg.  Neg. 

5  8  Ranstilled  left  eye,  1  per  cent,  tuberculin  precipitate.  See  table.  Neg. 

6  7  Reinstilled  left  eye,  1  per  cent,  tuberculin  precipitate.  See  table.  Neg. 

7  6  Reinstilled    left  eye,  1  per  cent,  tuberculin  precipitate.  Neg.  Neg. 

8  5  Instilled  right  eye,  1  per  cent,  tuberculin  precipitate.  Neg.  Neg. 
12  1  Subcutaneous  tuberculin  test. 

No  eye  changes  occurred. 

March.  Intraperitoneal  Rabbit  4. 

30        14        Instilled  left  0.75  per  cent,  tuberculin  precipitate^    Neg.  Neg. 

April. 
8  5        Instilled  right  eye  1  per  cent,  tuberculin  precipitate.    Neg.  Neg. 

12  1        Subcutaneous   tuberculin   test. 

No  eye  changes  occurred. 

Normal  Rabbit  3. 

12  1  Subcutaneous  tuberculin  test. 

18  7  Instilled  left  eye,  1  per  cent,  tuberculin  precipitate.  Neg.  Neg. 

30  19  Instilled  right  eye,  3  per  cent,  tuberculin  precipitate.  Neg.  Neg. 

May. 

2  21  Scarification  test.  Neg.  Neg. 

2  21  Ointment  test.  Neg.  Neg. 


Neg. 

Neg. 

Neg. 

Neg. 

Neg. 

Neg. 

Neg. 

Neg. 
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EXPERIMENTS 

To  Determine  if  Tubercle  Bacillus  Toxin  Injected  Into  Non-tuberculous 

Rabbits  Will  Cause  These  Rabbits  to  React  to  the  Ck)NJUNCTiVAL 

Scarification  and  Ointment  Tests. 

Two  rabbits,  called  Toxin  Rabbit  1  and  2,  each  inoculated  with  0.1  c.c.  of  the 
tubercle  toxin  intraperitoneally. 

Date.  Day.  No.  of  Rabbit,  Instillation,  Etc.  24hr8,      48  hrs. 

April. 

9  1        Inoculated  2  rabbits. 

Toxin  Rabbit  1. 

10  2  Instilled  left  eye,  1  per  cent,  tuberculin. 
Mil/. 

1  23  Instilled  right  eye,  0.5  per  cent,  tuberculin. 

2  24  Scarification  test    (20  per   cent.   Koch's   old    tuber- 

culin ) . 
2        24        Ointment  test    (equal    parts   of   tuberculin    (T.O.) 

and  anhydrous  lanolin). 
6        28        Autopsy;  see  below. 

^     -,  Toxin  Rabbit  2. 

10  2        Instilled  left  eye,  1  per  cent,  tuberculin.  Neg.  Neg. 
May. 

1  23  Instilled  right  eye,  0.3  per  cent,  tuberculin.  Neg.  Neg. 

2  24  Scarification  test  (Koch's  old  tuberculin).  Neg.  Neg. 
2  24  Ointment  test.  Neg.  Neg. 
6  28  Autopsy;  see  below. 

AUTOPSIES. 
Intraperitoneal  Rabbits. 

Rabbit  1,  March  5,  Ninth  Day. — ^Point  of  inoculation  negative.  Abdominal 
cavity:  Five  or  six  small  tubercles  on  liver;  staining  shows  tubercle  bacilli. 
Two  very  small  white  masses  on  the  mesentery  also  show  tubercle  bacilli;  spleen, 
stomach,  omentum,  kidneys,  postperitoneal  and  mesenteric  glands  normal.  There 
is  an  adhesion  between  the  liver  and  stomach  which  is  not  very  recent  and  prob- 
ably not  connected  with  the  tuberculous  process.    Thoracic  cavity  normal. 

Rabbit  2,  March  12,  Sixteenth  Day. — Point  of  inoculation  shows  a  small 
tubercle,  staining  shows  tubercle  bacilli.  Abdominal  cavity:  Extensive  tuber- 
culosis of  the  omentum  and  mesentery.  Liver  and  spleen  greatly  enlarged  and 
many  tubercles  scattered  throughout  the  organs.  Postperitoneal  and  mesenteric 
glands  not  enlarged;  smears  from  liver,  spleen,  omentum  and  mesentery  positive 
for  tubercle  bacilli.  Thoracic  cavity  normal.  An  interesting  anomaly  in  this 
rabbit  is  a  transposition  of  the  abdominal  viscera. 

Rabbit  S,  March  20,  Twenty-fourth  Day. — Point  of  inoculation  shows  a  small 
tubercle  in  both  the  skin  and  peritoneum.  Smears  positive  for  tubercle  bacilli. 
Abdominal  cavity:  Intense  injection  of  omentum  and  mesentery  with  small  tu- 
bercles. Smears  positive  for  tubercle  bacilli.  Mesenteric  glands  enlarged  and 
show  tubercle  bacilli  on  staining.  Spleen  normal  in  size  with  a  very  few  tuber- 
cles. Smears  from  both  organs  positive  for  tubercle  bacilli.  Thoracic  cavity:  A 
few  slight  pericardial  adhesions;  smears  negative  for  tubercle  bacilli.  Lungs 
and  pleura  normal ;  smears  negative  for  tubercle  bacilli. 
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Rabbit  Ji,  April  16,  Fifty-first  Day. — Rabbit  died.  Point  of  inoculation  shows 
a  large  cheesy  tubercle;  smears  positive  for  tubercle  bacilli.  Abdominal  cavity: 
Omentum  contracted  and  massed  together  by  tuberculous  adhesions,  mesentery  and 
parietal  peritoneum  contain  enormous  numbers  of  tubercles,  mesenteric  and  post- 
peritoneal  glands  enlarged,  liver  and  spleen  attached  to  stomach  by  adhesions  and 
studded  with  tubercles;  both  are  greatly  enlarged.  Kidneys  swollen  and  con- 
gested. Smears  from  all  these  organs  except  the  kidneys  are  positive  for  tubercle 
bacilli.  Thoracic  cavity:  A  few  tubercles  throughout  the  right  lung  and  in  the 
right  pleura.  Smears  positive  for  tubercle  bacilli.  Left  lung  and  pleura  normal, 
heart  normal,  thoracic  glands  normal. 

Subcutaneous  Rabbits. 

Rabbit  1,  May  5,  Sixty-fourth  Day. — A  large  partially  broken-down  mass  at 
the  seat  of  inoculation.  No  appreciable  enlargement  of  the  subcutaneous  glands. 
Abdominal  cavity  negative.  Thoracic  cavity:  Both  lungs  and  pleura  and  peri- 
cardium studded  with  tubercles,  smears  positive  for  tubercle  bacilli;  substernal 
glands  swollen,  smears  from  which  show  tubercle  bacilli;  extensive  pericardi.^! 
adhesions. 

Rabbit  2. — Abscess  which  formed  at  the  seat  of  inoculation  discharged,  leaving 
a  partially  healed  ulcer.  A  chain  of  enlarged  glands  runs  from  this  point  (the 
left  side  midway  between  the  front  and  rear  legs)  to  the  axilla.  Axillary  glands 
enlarged.  These  glands  all  show  tubercle  bacilli  in  smears.  Abdominal  cavity 
negative.  Thoracic  cavity  shows  a  slightly  more  extensive  involvement  than  in 
rabbit  No.  1  of  this  series. 

Rabbit  S. — A  large  partially  broken-down  tuberculous  mass  at  seat  of  inocula- 
tion. No  subcutaneous  glandular  involvement.  Abdominal  cavity  negative. 
Thoracic  cavity:  A  few  tubercles  in  the  lungs,  pleura  practically  free.  Peri- 
cardium normal;  substernal  glands  enlarged  and  contain  tubercle  bacilli. 

Rabbit  4- — Cutaneous  appearance  the  same  as  No.  3  of  this  series.  Abdominal 
cavity:  A  few  white  nodules  not  suggestive  of  tubercles  on  the  right  kidney; 
smears  negative  for  tubercle  bacilli.  Thoracic  cavity:  A  slightly  more  extensive 
involvement  of  the  lungs  than  No.  3  of  this  series.  Substernal  glands  slightly 
enlarged.  Pericardium  normal.  Smears  from  lungs  and  substernal  glands  show 
tubercle  bacilli. 

Intrathoracic  Rabbits. 

Rabbit  1,  March  25,  Thirteenth  Day. — The  needle  at  inoculation  passed  through 
the  lower  point  of  the  thoracic  cavity,  through  the  diaphragm  into  the  abdominal 
cavity.  There  is  a  tubercle  at  the  skin  entrance,  pleura  and  diaphragm  all  posi 
tive  for  tubercle  bacilli.  Abdominal  cavity:  The  omentum  and  mesentery  in- 
volved to  about  the  same  extent  as  intraperitoneal  rabbit  No.  2.  The  mesenteric 
glands  enlarged  and  positive  for  tubercle  bacilli.  The  postperitoneal  glands  nor 
mal.  Liver  shows  many  tubercles  along  anterior  edge,  the  posterior  and  subsur- 
face are  comparatively  free;  smears  positive  for  tubercle  bacilli;  spleen  macro- 
scopically  normal.  Smear  negative  for  tubercle  bacilli.  Thoracic  cavity  normal. 
Sections  of  lung  tissue  negative.     Smears  from  lungs  negative  for  tubercle  bacilli. 

Rabbit  2,  April  16,  Thirty-fifth  Day. — A  cutaneous  and  pleural  tubercle  at 
point  of  inoculation.  Smears  positive  for  tubercle  bacilli.  Lungs  in  an  advanced 
state  of  tuberculosis;  cavities  in  both  apices.  Pleura  and  pericardium  extensively 
involved,  substernal  glands  only  slightly  enlarged,  but  show  tubercle  bacilli  on 
staining.  Smears  from  all  mentioned  organs  positive  for  tubercle  bacilli.  Ab- 
dominal cavity  negative. 
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Rabbit  S,  Aprtl  8,  Twenty-seventh  Day. — The  needle  in  this  rabbit,  at  inocu- 
lation, did  as  in  No.  1  rabbit,  and  there  is  extensive  tuberculosis  of  the  organs  in 
both  the  thoracic  and  peritoneal  cavities.  As  is  shown  in  the  accompanying  table, 
this  rabbit  died  without  any  conjunctival  tests  having  been  done. 

Rabbit  4.  May  5,  Fifty-fourth  Day. — A  large  tubercle  at  point  of  inoculation; 
smears  positive  for  tubercle  bacilli.  Abdominal  cavity  negative.  Thoracic  cav- 
ity: Left  lung  shrunken  and  attached  to  pleura  posteriorly,  studded  with  tuber- 
cle. Same  right  lung;  a  large  cavity  in  apex.  Pleura  and  substernal  glands 
extensively  involved.    Smears  positive.    Abdominal  cavity  negative. 

IXTBAVENOUS  RABBITS. 

Rabbit  1,  March  26,  Eleventh  Day. — A  small  tubercle  at  point  of  inoculation 
in  left  ear.  Smears  positive  for  tubercle  bacilli.  Beginning  tuberculosis  of  lungs, 
liver  and  spleen.    Xo  appreciable  glandular  involvement  at  any  point. 

Rabbit  2,  April  10,  Twenty-sixth  Day. — A  large  tubercle  at  point  of  inocula- 
tion in  left  ear  with  a  few  glands  at  base  of  ear.  General  miliary  tuberculosis 
involving  the  lungs,  pleura,  pericardium,  substernal  glands,  liver,  spleen,  omen- 
tum, peritoneum,  mesentery,  postperitoneal  and  mesenteric  glands. 

Rabbit  S,  April  14,  Thirtieth  Day. — ^Died.  Autopsy  picture  practically  the 
same  as  intravenous  rabbit  Xo.  2. 

Rabbit  4,  May  5,  Fifty-first  Day. — A  large  tubercle  in  left  ear  at  point  of 
inoculation,  extending  down  to  base  and  involving  the  glands  in  this  region. 
Abdominal  cavity  negative.  Thoracic  cavity  negative,  except  for  an  early  tuber- 
culosis of  both  lungs.  We  evidently  did  not  enter  the  vein  in  this  rabbit  at  the 
time  of  inoculation. 

XoRMAL  Rabbits. 

Rabbit  1,  May  6. — Xormal  throughout,  except  for  a  few  tubercles  in  left  lung. 
Smears  from  lung  positive  for  tubercle  bacilli. 
Rabbit  2,  May  6. — Xormal. 


Rabbit  S,  May  6. — Xormal. 


Rabbit  1,  May  6. — Xormal. 
Rabbit  2,  May  6. — Xormal. 


Toxix  Rabbits. 


1822  Spruce  Street,  1805  Spruce  Street,  6504  Germantown  Avenue. 
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ACUTE  LYMPHOPENIC  LYMPHATIC  LEUKEMIA. 

By  R.  S.  Lavenson,  M.D., 
Assistant  Pathologist,  University  Hospital;   Assistant  Phy- 
sician, Philadelphia  General  Hospital;  Associate  in 
the  William  Pepper  Laboratory  of  Clin- 
ical Medicine. 

(From  the  William  Pepper  Laboratory  of  Clinical  Medicine  and  the 
Pathological  Department  of  the  University  of  Pennsylvania.) 


The  case  forming  the  substance  of  this  report  presented  a 
group  of  interesting  and  unusual  features.  Some  of  them 
would  be  considered  as  quite  out  of  harmony  with  the  gen- 
erally accepted  view  of  the  nature  of  leukemia.  I  think, 
however,  that  an  analysis  of  the  case  will  establish  its  identity 
as  one  of  the  more  unusual  forms  of  this  disease. 

The  patient,  A.  D.,  was  a  dentist,  aged  forty  years,  who  had 
been  in  practice  for  the  past  five  years.  Previous  to  this 
time  he  had  lived  on  a  ranch  in  the  southern  part  of  the 
United  States.  He  was  admitted  to  the  University  Hospital 
on  January  1,  1907,  under  the  care  of  Dr.  Frazier,  to  whom 
I  am  indebted  for  permission  to  use  these  clinical  notes. 

Family  History.  Aside  from  the  fact  that  several  maternal 
uncles  had  died  of  tuberculosis,  nothing  in  the  patient's 
family  history  had  any  bearing  upon  his  present  condition. 

Per.<sonal  History.  The  patient  had  always  been  a  man  of 
good  habits.     He  used  neither  alcohol  nor  tobacco  to  excess. 


He  had  been  married  for  ten  years.  His  wife  had  had  no 
children  and  no  miscarriages.  The  patient  denied  venereal 
infection. 

Previous  Medical  History.  With  the  exception  of  the  dis- 
eases of  childhood,  the  patient  had  always  enjoyed  good 
health. 

History  of  Present  Illness.  In  the  beginning  of  November, 
1906,  after  having  eaten  rather  liberally  of  pineapple,  which 
he  thought  irritated  his  mouth,  the  patient  developed  an 
ulcer  on  the  hard  palate.  This  grew  slowly  but  progressively 
worse,  and  about  a  month  after  its  commencement  he  noted 
some  ulceration  of  the  gums  of  the  lower  jaw,  localized  to  the 
lingual  surface  of  the  right  side  and  the  buccal  surface  of  the 
left  side.  At  about  the  same  time  the  submaxillary  lym- 
phatic nodes  became  slightly  enlarged  and  painful,  first  on 
the  right  side,  and  later  on  the  left.  The  severity  of  these 
lesions  steadily  increased,  but  the  patient  was  able  to  attend 
to  his  professional  duties  until  a  few  days  before  his  admis- 
sion to  the  hospital. 

Condition  on  Admission.  On  admission  to  the  hospital 
the  patient's  temperature  was  102°;  pulse,  84;  respirations, 
24.  His  only  complaint,  aside  from  feeling  slightly  feverish, 
was  soreness  of  the  mouth  and  some  difficulty  in  swallowing. 
He  was  found  to  be  a  man  of  good  development  and  nourish- 
ment, and  powerful  physique.  The  physical  examination, 
aside  from  that  of  the  mouth  and  the  adjacent  lymph  nodes, 
presents  absolutely  no  features  worthy  of  mention. 

Mouth.  The  hard  palate  from  the  incisor  teeth  to  within 
an  inch  of  the  uvula,  the  lingual  surface  of  the  right  lower 
gingives,  and  the  buccal  surface  of  the  left  lower  gingives  are 
the  seat  of  an  extensive  ulceration.  The  edges  of  the  ulcer- 
ated areas  are  irregular  but  not  ragged,  nor  have  they  a 
punched-out  appearance.  They  do  not  bleed  readily  on 
being  touched,  and  they  present  no  evidences  of  granulations. 
The  central  portions  of  the  ulcerations  consist  of  a  grayish- 
white  slough,  rather  firmly  adherent  to  the  underlying  tissues. 


The  bone  is  apparently  not  involved.  The  entire  ulcerated 
area  has  an  extremely  offensive  odor. 

The  tongue  is  covered  with  a  heavy,  shiny,  grayish-yellow 
coating.    The  teeth  are  in  good  condition. 

The  submaxillary  lymph  nodes  on  the  right  side  are  slightly 
enlarged,  firm,  and  tender;  those  on  the  left  side  are  smaller 
and  less  tender. 

Urine.  Light  amber;  acid;  specific  gravity,  1022;  no 
sugar  or  albumin;  a  moderate  amount  of  mucu$;  numerous 
leukocytes,  epithelial  cells,  and  calcium  oxalate  crystals. 

Sputum.  Seropurulent;  yellowish-white;  offensive  odor; 
numerous  leukocytes  and  epithelial  cells;  a  few  erythro- 
cytes. 

Bacteriological  Examination.  Exhaustive  bacteriological 
studies  by  Dr.  D.  H.  Bergey  revealed  the  following  findings: 
In  smears  from  the  ulcerated  areas  there  were  found  in  great 
numbers  streptococci,  spirochetes,  and  an  organism  resem- 
bling the  Bacterium  fusiformum.  Aerobic  cutulres  made 
from  the  same  material  showed  practically  a  pure  culture  of 
streptococcus.  Anaerobic  cultures  revealed  streptococci  and 
the  Bacterium  fusiformum.  Sections  taken  from  the  diseased 
area  and  stained  for  organisms  showed  streptococci  and  a 
rod-shaped  organism,  apparently  the  Bacterium  fusiformum. 
With  specific  stains  no  spirochetes  or  tubercle  bacilli  were 
found. 

Blood  Examination.  Hemoglobin,  75  per  cent.;  erythro- 
cytes, 3,400,000;  leukoc^-tes,  5400.  Differential  count:  poly- 
morphonuclear neutrophiles,  75  per  cent.;  lymphocytes,  19 
per  cent.;  large  mononuclear  leukocytes,  4  per  cent.;  transi- 
tional cells,  2  per  cent. ;  eosinophiles,  none. 

With  these  facts  at  hand,  the  etiology  of  the  condition  was 
extremely  obscure,  and  a  diagnosis  was  not  made.  Despite 
the  patient's  denial  of  venereal  infection,  antisyphilitic  treat- 
ment was  instituted  on  the  possibility  of  the  ulceration  being 
specific. 

The  subsequent  course  of  the  disease  will  be  given  as 


briefly  as  possible,  consistent  with  a  proper  understanding  of 
the  case. 

January  10. — Slight  swelling  and  tenderness  of  the  axillary 
lymph  nodes  on  both  sides  was  noted  today.  Temperature 
range  has  been  between  100°  and  103°.  Patient  has  been 
uncomfortable  and  restless.  Ulceration  is  slowly  spreading. 
Leukocytes,  6800. 

\bth. — Blood  culture  reported  sterile.  Injections  of  diph- 
theria antitoxin  instituted. 

20<fe. — ^Patient  has  been  receiving  9000  units  of  diphtheria 
antitoxin  daily.  Temperature  has  been  showing  a  gradual 
downward  tendency.  The  ulceration  in  the  roof  of  the 
mouth  is  showing  distinct  signs  of  improvement;  in  the  pos- 
terior portion  granulations  have  appeared,  and  the  odor  has 
decidedly  decreased. 

2bth. — Granulations  on  the  hard  palate  progressing.  The 
ulcerations  on  the  lower  gums  increasing  slightly.  Tempera- 
ture decreasing.  Leukocytes,  6300.  Diphtheria  antitoxin 
discontinued. 

February  2. — Injections  of  diphtheria  antitoxin  renewed. 
Leukocytes,  4500. 

\Oth. — General  condition  considerably  improved.  Ulcer, 
ations  continue  to  show  slight  improvement.  Patient  dis- 
charged to  go  to  Atlantic  City,  where  antitoxin  injections 
will  be  continued  under  the  supervision  of  Dr.  Emery 
Marvel. 

20th. — Patient  readmitted.  On  frontal  bone,  just  above 
right  eye,  is  a  tumor  the  size  of  a  robin's  egg.  It  is  rather 
soft,  but  not  fluctuating,  and  is  not  movable.  General  con- 
dition and  condition  of  mouth  about  the  same  as  on 
departure  for  Atlantic  City. 

Blood  Examination.  Hemoglobin,  72  per  cent,;  erythro- 
cytes, 5,210,000;  leukocytes,  8000.  Differential  count :  poly- 
morphonuclear neutrophiles,  64  per  cent, ;  lymphocytes,  16 
per  cent,;  large  mononuclear  leukocytes,  12  per  cent,;  tran- 
sitional cells,  8  per  cent, ;  eosinophiles,  none. 


25th. — Mass  above  right  eve  iiK k  asing  in  size.  Riglit  siil»- 
inaxillary  lymph  nodes  slightly  larger  and  more  painful. 
Bl(Kxl  culture  reported  sterile.  A  dark  red,  umbilicatetJ 
papule  noted  on  the  back  of  the  neck.  Lower  down  on  the 
back  are  several  red,  shiny,  non-umbilicated  papules. 

March  2. — A  number  of  small,  red  papules  similar  to  those 
above  described  have  appeared  on  the  chest.  Those  on  the 
back  have  become  larger,  and  some  of  them  have  become 
dark  red  and  umbilicated. 

Swelling  over  right  eye  increasing.  Ulceration  in  mouth 
extending.  Temjjerature  steadily  rising.  Patient  shows 
some  mental  hebetude. 

Bacteriological  examination  of  the  mass  over  the  right  eye 
by  Dr.  Bergey  showed  micrococci  similar  to  but  not  identical 
with  streptococci;  the  examination  of  the  umbilicated  papules 
was  reported  sterile.     Leukocytes,  47C0. 

5th. — Eruption  has  become  much  more  marked  over 
thorax,  abdomen,  and  back.  It  appears  first  as  small,  dark 
red,  glistening  papules;  within  a  day  these  become  larger, 
and  by  the  next  day  they  have  gone  into  the  purplish,  umbili- 
cated stage. 

The  glandular  masses  on  either  side  of  the  neck  have  be- 
come so  large  within  the  past  few  days  that  breathing  is 
difficult. 

9th. — ^Almost  the  entire  trunk  is  covered  with  the  eruption 
in  various  stages  of  development,  and  there  are  a  few  lesions 
on  both  arms  and  both  legs.  For  the  past  week  the  tempera- 
ture has  remained  between  102°  and  105°. 

Leukocytes,  5200.  Differential  count  (500  cells):  poly- 
morphonuclear neutrophiles,  96  per  cent.;  lymphocytes,  1.6 
per  cent. ;  large  mononuclear  leukocytes,  1.4  per  cent;  transi- 
tional cells,  1  per  cent. 

Died  at  7  a.m.,  March  10. 

Autopsy.  The  postmortem  findings  will  be  detailed  as 
briefly  as  possible,  only  those  tissues  being  described  that 
presented  pathological  features. 


External  Appearance.  The  eruption  described  in  the 
dinieal  notes  presented  the  same  characteristics  after  death 
as  it  had  during  Hfe.  The  general  distribution  of  the  erup- 
tion and  its  multiform  character,  dependent  upon  the  varia- 
tions in  age  of  the  individual  lesions,  can  be  seen  in  the 
accompanying  photographs.  The  remainder  of  the  external 
examination  confirmed  the  presence  of  the  tumor  over  the 
right  eye  and  the  swelling  of  the  submaxillary,  cervical,  and 
axillary  lymphatic  nodes  described  in  the  clinical  records. 

The  spleen  was  greatly  hypertrophied  in  all  directions,  and 
weighed  900  grams.  It  was  pinkish  gray,  soft,  and  the  fol- 
licles were  prominent.  The  only  noteworthy  feature  in  the 
gastro-intestinal  tract  was  a  firm,  non-ulcerated  nodule  pre- 
senting on  the  mucous  surface  of  the  ileum  about  two  feet 
above  the  ileocecal  valve.  In  the  cortex  of  the  right  kidney 
was  a  moderately  firm,  well-marginated,  grayish-red,  struc- 
tureless nodule  about  the  size  of  a  walnut.  In  the  left  kidney 
were  three  similar  nodules  about  the  size  of  peas.  In  the 
middle  lobe  of  the  right  lung  there  was  a  firm,  well-marginated, 
dark  red  nodule,  and  in  the  lower  lobe  of  the  same  lung  were 
two  others  of  similar  size  and  consistency.  Within  the  mesen- 
tery, and  not  associated  with  the  mesenteric  lymph  nodes, 
were  a  number  of  firm,  well-marginated,  pinkish-gray 
nodules,  some  of  which  showed  slight  surface  umbilication. 
The  retroperitoneal,  mesenteric,  mediastinal,  and  peri- 
bronchial lymph  nodes  were  universally  enlarged  to  the  size  of 
large  beans.  They  were  pinkish-gray  in  color,  firm  in  con- 
sistency, and  showed  no  central  softening. 

Microscopic  Examination.  The  microscopic  examination 
of  the  above  described  lesions  showed  one  primary  common 
feature — a  lymphocytic  infiltration.  In  the  skin  lesions  this 
infiltration  was  in  the  subcutaneous  tissue,  and  extended  well 
into  the  corium.  In  some  of  the  older  lesions  the  overlying 
epidermis  was  necrotic;  in  others  it  was  lifted  from  the 
corium,  forming  small  bullae,  from  which  the  fluid  contents 
had  apparently  escaped.     In  the  spleen  there  was  marked 


follicular  hypertrophy,  with  extensive  lymphocytic  deposit  in 
the  pulp.  The  nodules  in  the  kidney  consiste<l  of  dense  lym- 
phocytic deposits,  in  the  centre  of  the  larger  one  of  which 
necrosis  had  occurred.  In  addition  to  the  lymphocytic 
deposits  in  the  nodules  of  the  lungs  there  was  considerable 
hemorrhage.  The  nodules  in  the  mesenter>'  showed  no  varia- 
tions from  the  lesions  already  described.  The  ulcerations  in 
the  mouth  were  the  result  of  a  dense  IjTnphocj'tic  deposit 
with   necrosis   of   the  overlying  mucous   membrane.    The 


Fig.  1. — Photograph  showing  the  character  of  the  nodules  in  the  skin; 
some  of  them  have  become  umbihcated. 


nodule  in  the  ileum  was  of  a  similar  nature,  without  ulcera- 
tion. The  lymphatic  nodes  showed  follicular  hypertrophy 
with  more  or  less  extensive  lymphocytic  deposits  in  the 
sinuses,  in  some  cases  entirely  obliterating  the  structure  of 
the  node.  In  some  of  the  larger  nodes  there  were  numerous 
small  areas  of  necrosis.  There  was  no  endothelial  or  con- 
nective tissue  proliferation  and  no  giant  cells  were  found. 

Bacteriological  examinations  made  by  Dr.  Bergey  resulted 
in  the  following  findings:  From  one  of  the  nodules  in  the 


lungs  the  Sarcina  lutea,  Micrococcus  aureus,  and  the  Bacillus 
diphtheria  were  isolated.  The  diphtheria  bacillus  killed 
guinea-pigs  in  from  forty-eight  to  seventy-two  hours,  with  all 
of  the  typical  lesions  of  experimental  diphtheria.  Cultures 
from  one  of  the  mesenteric  lymph  nodes  showed  a  single 
colony  of  Bacillus  diphtheria,  conforming  in  all  of  its  prop- 


FiG.  2. — Photograph  showing  the  distribution  of  the  nodules  in  the 

skin. 


erties  to  the  one  isolated  from  the  lungs.     Cultures  from  the 
liver  and  spleen  remained  sterile. 

Remarks.  In  an  analysis  of  this  case  a  striking  feature  is 
at  once  appreciated  in  the  lack  of  conformity  between  the 
blood  picture  it  presented  and  the  usual  text-book  interpre- 
tation of  lymphatic  leukemia.     At  no  time  during  the  disease 


(lid  the  total  number  of  leukocytes  exceed  the  normal,  and 
with  the  exception  of  a  slight  increase  in  the  percentage  of  the 
large  mononuclear  and  transitional  cells  on  February  20,  the 
percentage  of  the  various  cells  usually  classed  as  lympho- 
cytes at  no  time  exceeded  the  normal.  However,  it  has  long 
been  recognized  by  hematologists  that  an  increase  in  the 


Fig.  3. — Photomicrograph  of  one  of  the  nodules  in  the  mesentery. 

lymphocytes  is  not  essential  to  a  diagnosis  of  hnnphatic  leu- 
kemia. Tiirk,*  in  attempting  to  formulate  a  satisfactory 
classification  of  the  lymphomatoses,  divided  l\-mphatic 
leukemia,  both  acute  and  chronic,  into  the  following  three 
varieties:  (1)  L\Tnphemic  lymphatic  leukemia,  the  common 


*  Wiener  kliuischen  Wochenschrift,  1903,  Nr.  39. 
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type,  in  which  there  is  a  high  leukocytosis  composed  almost 
entirely  of  lymphocytes;  (2)  sublymphemic  lymphatic  leu- 
kemia, in  which  the  total  number  of  leukocytes  is  not  mate- 
rially increased,  but  in  which  the  percentage  of  lymphocytes 
is  increased;  (3)  alymphemic  lymphatic  leukemia,  in  which 
there  is  tio  alteration  in  the  leukocytes  as  regards  either  their 
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Fig.  4. — Photomicrograph  of  one  of  the  nodules  in  the  skin.  Note 
the  dense  deposit  of  lymphocytes  in  the  corium  and  the  separation  of 
the  epidermis. 

total  number  or  the  percentages  of  the  individual  varieties. 
This  classification  comprises  all  of  the  types  of  the  disease 
ordinarily  observed.  When,  however,  we  attempt  to  classify 
the  case  here  reported  according  to  Turk's  scheme,  it  is  seen 
that  it  does  not  conform  to  any  one  of  the  types.     The  total 


n 

number  of  leukocytes  was  never  above  the  normal,  and  the 
lymphocytes  showed  a  continuous  diminution  in  numl>er 
until  on  the  day  before  death  they  were  only  1.0  per  cent,  of  a 
total  of  5200  leukocytes.     In  other  words,  there  was  a  marked 


Fig.  5. — Photograph  showing  the  swelling  of  the  subnaaxillary 
lymph  nodules  and  the  large  nodule  over  the  right  eye  from  which  a 
piece  of  gauze  packing  protrudes. 

lymphopenia,  and  it  is  to  express  this  condition  that  I  have 
used  the  teriii  "lymphopenic"  IjTnphatic  leukemia. 

An  appreciation  of  the  variations  which  the  blood  picture  in 
lymphatic  leukemia  may  undergo  can  be  best  obtained  by  an 
understanding  of  a  theory  of  Turk's,  which,  artificial  though 
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it  be,  is  still  very  useful.  He  supposes  that  there  is  normally 
a  definite  ratio  maintained  between  the  production  of  lympho- 
cytes and  the  rate  of  their  extrusion  into  the  blood  channel. 
If,  however,  the  tissues  concerned  in  the  production  of  lym- 
phocytes become  diseased,  this  ratio  may  become  altered, 
so  that  the  rate  of  extrusion  of  the  lymphocytes  becomes  pro- 
portionally more  rapid  or  less  rapid  than  the  rate  of  their 
production.  Thus,  for  example,  if  there  were  some  disease 
of.  the  lymphatic  tissues  causing  them  to  produce  an  abnor- 
mally large  number  of  lymphocytes,  and  the  rate  of  their 
extrusion  were  decreased,  the  lymphatic  tissues  would  undergo 
great  hypertrophy  from  the  resulting  retention  of  lympho- 
cytes, but  they  would  not  be  greatly  increased  in  numbers  in 
the  circulating  blood;  if,  on  the  other  hand,  the  same  in- 
creased production  of  lymphocytes  occurred  and  the  rate  of 
their  extrusion  were  increased,  great  numbers  of  them  would 
appear  in  the  circulating  blood,  but  the  hypertrophy  of  the 
lymphatic  structures  would  be  less  marked  than  in  the  former 
case.  Applying  this  theory  to  the  case  herein  reported,  we 
must  assume  that  some  influence  incited  the  submucous 
lymphatic  tissue  of  the  mouth,  the  lymph  nodes,  the 
spleen,  and  possibly  the  bone  marrow  to  an  abnormally 
rapid  production  of  lymphocytes,  and  at  the  same  time  the 
rate  of  their  extrusion  into  the  blood  current  was  diminished, 
so  that  there  resulted  a  rapid  hypertrophy  of  the  lymphatic 
structures  but  an  unusually  small  number  of  lymphocytes 
in  the  blood. 

The  marked  preponderance  of  ulcerative  mouth  lesions 
during  the  earlier  course  of  the  disease  is  possible  of  two  inter- 
pretations. They  may  be  looked  upon  as  simple  ulcerative 
lesions  that  acted  as  a  portal  of  entrance  for  the  infectious 
agent  producing  the  leukemia,  or  as  merely  an  early  mani- 
festation of  the  leukemia  itself.  I,  personally,  incline  to  the 
latter  view,  first,  because  the  base  of  this  ulceration  was  seen 
to  consist  microscopically  of  masses  of  lymphocytes,  and 
secondly,  because  it  is  a  well-known  clinical  fact  that  the 
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various  portions  of  the  gastro-intestinal  tract  are  favorite 
seats  for  the  deposit  or  proliferation  of  lymphatic  tissue  in 
the  acute  leukemias,  the  surface  ulceration  occurring  as  a 
result  of  this  submucous  proliferation.  The  history  that  the 
patient  gave  of  the  onset  of  symptoms  shortly  after  having 
eaten  heartily  of  pineapple,  which  he  thought  irritated  his 
mouth,  may  have  been  simply  the  result  of  coincidence, 
though  we  are  unable  to  exclude  the  possibility  of  this 
having  instituted  an  ulcerative  process  that  acted  as  a 
portal  of  entrance  for  the  agent  inducing  the  leu- 
kemia. 

Concerning  the  etiolog}'  of  the  condition,  no  great  amount 
of  significance  can  be  attached  to  the  finding  of  spirochetes, 
fusiform  bacteria,  and  streptococci  in  the  ulcerated  areas  of 
the  mouth,  for  these  may  be  present  in  any  severe  inflam- 
matory or  ulcerative  condition  of  the  mouth.  The  finding 
of  diphtheria  bacilli  in  one  of  the  nodules  of  the  lungs  and  in 
one  of  the  mesenteric  lymph  glands  is  somewhat  more  sug- 
gestive, but  by  no  means  conclusive,  for  their  presence  may 
have  been  entirely  of  the  nature  of  a  secondary  invasion. 
The  improvement  that  the  patient  manifested  on  injections 
of  diphtheria  antitoxin  can  scarcely  be  attributed  to  any 
specific  action,  and  little  significance  from  the  etiological 
standpoint  can  be  attached  to  its  occurrence. 

Of  decidedly  unusual  interest  during  the  later  course  of  the 
disease  were  the  skin  manifestations.  These,  shown  by 
microscopic  examination  to  be  true  lymphocytic  deposits,  gave 
the  case  a  picture  very  like  that  of  the  "Ij-mphodermia  per- 
niciosa"  of  Kaposi,  recognized  by  its  describer  as  being 
closely  allied  to  leukemia,  and  probably  also  to  mycosis 
fungoides. 


CONGENITAL     OBLITERATION    OF     THE     BILE     DUCTS     WITH 
CIRRHOSIS     OF     THE     LIVER.* 

R.  S.  Lavenson,  M.D. 

(^Assistant  Physician  to  the  Philadelphia  Hospital ;  Assistant  Pathologist  to  the 
University  Hospital  and  Associate  in  the  Pepper  Laboratory  of  Clinical 
Medicine.') 

(From  the  Pepper  Laboratory  of  Clinical  Medicine  and  the  Pathological  Deparlment  oj 
the  University  of  Pennsylvania .) 

My  attention  was  first  directed  to  the  study  of  this  con- 
dition by  Dr.  J.  P.  C.  Griffith  sending  to  me  for  examination 
the  liver  obtained  from  an  infant  dying  at  the  age  of  six 
months.  The  necropsy  was  limited  to  the  removal  of  the 
liver  and  it  was  received  by  me  with  only  the  slightly  dilated 
hepatic  portions  of  the  bile  ducts  attached.  However,  the 
clinical  course  and  the  changes  in  the  liver  were  of  such  a 
nature  as  to  make  it  permissible  to  consider  the  case,  on  the 
basis  of  probabilities,  one  of  congenital  obliteration  of  the 
bile  ducts  with  cirrhosis  of  the  liver. 

The  infant  when  born  was  a  normal  twelve-pound  baby.  From  birth 
it  had  been  deeply  jaundiced,  the  stools  clay  colored  and  the  urine  deeply 
pigmented.  Shortly  after  birth  the  child  lost  in  weight  but  later  gained. 
The  infant  was  brought  to  the  University  Hospital  to  the  service  of  Dr. 
Griffith,  to  whom  I  am  indebted  for  permission  to  publish  these  notes, 
when  it  was  five  months  old.  On  admission  it  was  a  somewhat  emaciated 
infant,  deeply  jaundiced,  with  a  few  small  purpuric  spots  on  the  scalp. 
The  liver  extended  from  the  fifth  rib  to  three  centimeters  below  the  costal 
margin  in  the  mid-clavicular  line.  The  spleen  extended  two  and  one- 
half  to  three  centimeters  below  the  costal  margin.  The  urine,  aside  from 
showing  a  large  amount  of  bile,  was  normal.  The  examination  of  the 
blood  showed  three  million  nine  hundred  thousand  red  corpuscles,  four- 
teen thousand  leucocytes  and  sixty-eight  per  cent  of  hemogloblin.  An 
examination  of  the  feces  for  bile  pigment  was  negative.  The  temperature 
varied  between  98°  and  100°  F.  until  a  few  days  before  death  when  it 
varied  between  98°  and  103°  F.  About  a  week  before  death  a  large  blood- 
filled  cyst  developed  above  the  right  ear.  With  progressive  loss  of 
weight  and  strength  the  child  died  at  the  sixth  month  of  life. 

At  necropsy  the  liver  was  found  to  be  dark  green,  large 

•  Received  for  publication  Jan.  14, 1908. 
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and  firm  and  the  surface  irregular.  On  cross  section,  minute 
streaks  and  bands  of.  gray  were  seen  running  in  various 
directions  throughout  the  substance.  On  microscopic  section 
there  was  seen  to  be  an  extensive  increase  in  the  perilobular 
connective  tissue  with  proportionally  great  multiplication  of 
bile  canaliculi.  In  a  number  of  areas  as  many  as  twenty  to 
thirty  of  these  canaliculi  could  be  counted  in  the  connective 
tissue  about  the  periphery  of  one  lobule.  Here  and  there 
the  connective  tissue  invaded  the  lobules,  but  it  was  in  gen- 
eral confined  to  the  periphery.  The  connective  tissue 
within  the  lobules  was  of  a  younger  and  more  cellular  type 
than  that  about  the  periphery.  Many  of  the  small  intra- 
hepatic bile  ducts  were  distended  and  there  was  extensive 
deposit  of  bile  pigment  within  the  liver  cells  and  connective 
tissue,  somewhat  more  marked  in  the  center  of  the  lobules 
than  on  the  periphery. 

As  far  as  I  have  been  able  to  determine,  the  first  record  in  the 
literaj:ure  of  this  condition  is  by  Cheyne,  who,  however,  appar- 
ently slightly  misinterpreted  the  findings.  In  his  essays  on 
"  Diseases  of  Children,"  published  in  1801,  he  speaks  of  "  an 
original  and  incurable  malconformation  of  the  liver,"  which 
"  malconformation  is  probably  an  impermeable  thickening  of 
the  beginnings  of  the  hepatic  ducts  or,  as  they  are  called, 
the  Fori  Biliarii."  Since  then  a  number  of  instances  of  the 
condition  have  been  recorded  and  several  more  or  less  ex- 
haustive treatises  have  been  written  upon  the  subject,  the 
most  notable  being  those  of  Thomson,^  Giese,^^  and  Skor- 
min,^^  Though  there  have  been  variations  in  the  degree  of 
the  cirrhosis  found  and  variations  in  the  localization  of  the 
biliary  obstruction  in  the  different  cases,  there  is  comparative 
uniformity  of  opinion  as  regards  the  clinical  picture  and  the 
gross  and  microscopic  pathological  findings.  The  subjects 
are  always  deeply  jaundiced  either  from  birth  or  from  a 
day  or  two  later,  the  stools  remain  clay  colored,  and  the 
urine  deeply  pigmented.  Frequently  the  child  remains  well 
nourished  for  a  considerable  time  and  the  bodily  functions 
are  performed  in  a  manner  strikingly  out  of  harmony  with 
the  severity  of  the  actual  lesion.     At  times,  and  especially 
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has  this  been  so  in  the  cases  reported  in  the  early  part  of  the 
past  century,  hemorrhages  from  the  umbilical  cord  or  from 
other  portions  of  the  body  have  been  noted.  Cheyne  inter- 
preted this  association  of  jaundice  and  bleeding  according  to 
our  present  view  as  shown  by  his  statement :  "  The  bleeding 
proceeded  from  the  unhealthy  change  produced  in  the  blood 
by  the  reception  of  the  bile  into  the  mass  of  fluids."  Fre- 
quently the  large,  hard  liver  can  be  felt  as  well  as  at  times 
its  uneven  surface.  The  spleen  is  usually  enlarged  ;  at  times 
ascites  is  present.  The  child  dies  usually  before  the  eighth 
month ;  only  thr^e  cases  amongst  the  sixty-two  that  I  have 
collected  from  the  literature  exceeded  this  limit,  two  living 
until  the  ninth  month  and  one  until  the  eleventh  month. 
The  pathological  changes  in  the  liver  are  those  of  a  multi- 
lobular and  monolobular  cirrhosis  with  some  intralobular 
involvement  and  a  marked  multiplication  of  bile  canaliculi. 

As  regards,  however,  the  actual  cause  of  the  condition, 
whether  the  primary  lesion  is  that  of  the  bile  ducts  or  that 
of  the  liver,  whether  the  changes  in  the  ducts  are  due  to  a 
developmental  anomaly  or  to  the  organization  subsequent  to 
an  inflammatory  process,  great  diff^erence  of  opinion  prevails. 
It  is  this  phase  of  the  subject  that  has  especially  appealed  to 
me  and  is  the  one  to  which  I  shall  devote  the  remainder  of 
my  remarks. 

We  shall  consider  firstly  the  question  as  to  whether  the 
condition  is  primary  in  the  liver  or  in  the  bile  ducts,  and,  if 
possible,  come  to  some  conclusion.  Rolleston®''  is  the  most 
ardent  supporter  of  the  view  that  the  cirrhosis  is  the  primary 
condition  induced  by  some  poison  being  excreted  by  the 
liver  and  setting  up  in  that  organ  a  cholangitis  that  subse- 
quently descends  to  the  larger  bile  ducts  and  there  sets  up 
an  inflammation  that  later  leads  to  organization.  In  favor 
of  his  view  he  presents  the  following  four  arguments : 

(l.)  "The  almost  constant  occurrence  of  cirrhosis  in 
these  cases  of  bile  duct  obstruction  in  infants  as  compared 
with  the  infrequency  and  irregularity  with  which  cirrhosis 
follows  obstruction  of  the  larger  bile  ducts  in  later  life." 
As  to  the  alleged  infrequency  of  the  occurrence   of  cirrhosis 
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in  adults  consequent  upon  biliary  obstruction,  Mangelsdorf,®^ 
in  1882,  collected  one  hundred  and  eighty-four  cases  of  this 
condition,  and  in  1901  Ford  ^  added  twenty-four  to  this 
series.  The  obstruction  in  most  of  these  cases  was  the  result 
either  of  calculi  or  carcinoma  of  the  pancreas  or  bile  ducts. 
How  many  more  cases  have  never  been  accorded  the  dignity 
of  a  report  we  cannot  calculate,  for  so  soon  as  a  condition  has 
been  observed  frequently  enough  for  two  hundred  or  more 
instances  to  have  been  reported,  it  is  no  longer  of  sufficient 
interest  to  warrant  an  individual  report.  Moreover,  if  the  bile 
duct  obliteration  is  secondary  to  the  cirrhosis,  why  do  we  not 
find  more  frequently  in  adults  obstruction  of  the  ducts  second- 
ary to  a  Hanot's  cirrhosis,  a  condition  in  adults  essentially  the 
same  as  that  claimed  by  Rolleston  to  be  the  primary  condi- 
tion in  children,  namely,  a  descending  cholangitis?  A 
feature  that  impresses  me  as  being  of  significant  importance 
in  this  connection  is  the  fact  that  in  twenty-four  (i,  10,  il, 
13,  20,  23,  24,  25,  26,  29,  33,  34,  35,  38,  39,  42,  43,  44,  48, 
50,  51,  54,  58,  59)  of  the  sixty-two  cases  that  I  have 
collected,  the  obstruction  was  in  the  duodenal  portion  of  the 
ducts  and  the  hepatic  portion  was  patulous,  whereas,  in 
only  ten  of  the  cases  (3,  12,  17,  19,  22,  36,  45,  47,  56,  60) 
was  the  obstruction  more  marked  in  the  hepatic  end  than  in 
the  duodenal  end.  If  this  obstruction  were  the  result  of  an 
extension  of  inflammation  from  the  liver  it  would  be  most 
natural  for  the  involvement  to  be  in  those  portions  of  the 
ducts  nearest  to  the  liver  rather  than  in  those  portions 
farthest  removed  from  it.  Again,  there  have  been  cases  of 
obliteration  of  the  ducts  in  those  dying  very  shortly  after 
birth  and  in  which,  as  far  as  the  organ  was  described,  only 
the  earliest  stages  of  cirrhosis  of  the  liver  have  been  found 
(1,4,  8,  12,  23,  26).  The  only  rational  deduction  that  I 
think  can  be  drawn  from  the  association  of  these  three  facts, 
obstruction,  early  death,  and  little  cirrhosis,  is  that  the  biliary 
stasis  had  not  existed  long  enough  to  have  produced  more 
advanced  changes.  Rolleston  admits  in  regard  to  Ross's  ^^ 
case  that  the  evidence  points  in  favor  of  the  lesion  in  the  duct 
being  primary,  but  says  that  in  the  other  cases  as  far  as  one 
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can  judge  fibrosis  in  the  liver  is  quite  as  old  as  the  lesion  in 
the  bile  ducts.  How  one  can  judge  of  the  relative  ages  of 
advanced  fibroid  change  in  two  structures  so  totally  different 
in  function  and  morphology  as  the  liver  substance  and  the 
bile  ducts  is  beyond  my  comprehension. 

(2.)  Rolleston's  second  point  in  favor  of  the  cirrhosis 
being  primary  is  the  large  size  of  the  liver,  resembling 
hypertrophic  biliary  cirrhosis.  It  is  true  that  the  livers  of 
hypertrophic  cirrhosis  and  obstructive  cirrhosis  resemble 
each  other  in  size,  but  it  is  also  true  that  the  livers  in  cases 
of  cirrhosis  known  to  be  due  to  biliary  obstruction  are  large. 
Let  me  quote  Ford's  statement  which  is  based  on  the  one 
hundred  and  eighty-four  cases  reported  by  Mangelsdorf  and 
the  twenty-four  cases  collected  by  himself:  "  The  livers  in 
these  cases  of  obstructive  cirrhosis  are  greatly  enlarged  with 
a  rough  jaundiced  surface  and  considerable  perihepatitis." 
Very  late  in  the  process  it  is  possible  to  have  a  decrease  in 
the  size  of  the  organ  in  these  cases  of  obstructive  cirrhosis 
as  in  practically  every  other  hypertrophic  process  in  the 
liver,  but  the  majority  of  cases  of  congenital  obliteration  do 
not  live  long  enough  for  contraction  to  result. 

(3.)  Rolleston's  third  argument  is  "the  large  size  of  the 
spleen,  a  phenomenon  not  met  with  in  uncomplicated  biliary 
obstruction."  This  statement  is  undoubtedly  correct  but  it 
can  scarcely  be  construed  as  having  any  bearing  on  the  sub- 
ject under  discussion,  for  these  cases  are  practically  all 
complicated  by  hepatic  cirrhosis,  and  as  Rolleston  ^^  him- 
self says  in  discussing  cirrhosis  resulting  from  biliary 
obstruction  in  the  adult,  "the  spleen  is  sometimes  small  or  of 
normal  size,  but  in  cases  where  considerable  fibrosis  of  the 
liver  co-exists  with  obstruction  of  the  larger  ducts,  as  in 
Weber's  cases,  there  may  be  very  considerable  enlargement, 
though  not  to  the  same  degree  as  in  hypertrophic  biliary 
cirrhosis." 

(4.)  The  fourth  point  Rolleston  presents  in  favor  of  his 
view  is  "  the  fact  that  in  some  instances  several  cases  of  this 
rare  disease  have  occurred  in  the  same  family."  He  does 
not  mention  the  cases  to  which  he  refers.     In  a  thorough 
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search  through  the  Hterature  I  have  been  able  to  find  but 
one  instance  in  which  more  than  one  member  of  a  family 
was  shown  by  autopsy  to  have  had  an  obliteration  of  the 
ducts.  This  was  in  a  report  by  Binz*  of  two  brothers,  one 
dying  when  twenty-four  hours  old  and  the  other  on  the 
second  day.  In  both  of  them  the  cystic,  hepatic,  and 
common  ducts  were  transformed  into  an  irregular  fibrous 
mass  entirely  without  lumina.  In  the  first  case  the  liver  was 
reported  as  being  slightly  enlarged  and  soft ;  the  only  note 
of  the  liver  in  the  second  case  was  that  the  capsule  was 
thickened.  The  father  was  supposed  to  have  had  syphilis, 
and  it  is  not  improbable  that  both  cases  were  instances  of 
congenital  syphilis.  West  ^  has  reported  one  case  dying  of 
congenital  obliteration  of  the  bile  ducts  in  which  other 
children  of  the  same  mother  were  supposed  to  have  died  o 
the  same  condition,  but  there  were  no  autopsies  to  support 
this  supposition.  A  second  case  reported  by  West,^*'  one  of 
a  number  of  sisters  and  brothers  dying  as  claimed  of  con- 
genital obliteration  of  the  bile  ducts,  has  insufficient  data  to 
warrant  this  diagnosis,  and  on  the  other  members  of  the 
family  no  autopsies  were  performed.  Thomas  ^^  reports  a 
case  of  congenital  obliteration  in  a  child  dying  on 
the  twelfth  day;  four  other  children  of  the  same  parents 
died  before  the  ninth  day  of  life,  all  jaundiced.  Though 
Thomas  assumes  that  they  all  died  of  the  same  condition, 
there  were  no  autopsies  to  confirm  his  view.  A  few  other 
instances,  those  of  Arkwright,^  Blomfield,^  and  Pearson,^ 
have  been  reported  in  which  several  infants  in  one  family 
have  died  with  jaundice,  but  they  had  few,  if  any,  of  the 
symptoms  of  biliary  obstruction  and  no  autopsies  were  per- 
formed, so  that  when  one  considers  the  numerous  causes  of 
jaundice  and  subsequent  death  in  childhood  it  is  scarcely 
necessary  to  state  that  we  cannot  include  these  cases, 
however  suggestive  some  of  them  may  be,  in  the  present 
consideration. 

Furthermore,  if  we  consider  the  cirrhosis  to  be  primary 
and  caused  by  he  circulation  through  the  liver  of  sub- 
stances irritating  to  it,  would  it  not  be  rational  to  look  for 
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inflammatory  lesions,  the  result  of  the  same  irritating  sub- 
stance in  other  organs?  Such  lesions  have  not  been  recorded 
in  any  of  the  autopsies  on  these  cases.  Moreover,  as  Rolleston 
himself  admits,  as  speaking  against  his  view,  it  would  also 
be  expected  that  the  mother  would  give  some  evidence  of 
the  circulation  of  these  toxic  substances  through  her  own 
organs. 

With  the  presentation  of  the  above  facts,  I  think  we  are 
justified  in  considering  that  there  is  little  or  no  support  of 
the  view  that  the  obstruction  is  secondary  to  a  cirrhosis.  In 
support  of  the  claim  that  the  obstruction  is  the  primary  con- 
dition, and  the  cirrhosis  a  result  of  the  ensuing  biliary  stasis, 
is  the  great  weight  of  evidence  that  in  both  adults  (Mangels- 
dorf*^)  and  children  (Ford^)  biliary  stasis  has  resulted  in 
the  same  chain  of  events  and  the  same  pathological  findings 
as  are  presented  in  these  cases.  Furthermore,  the  work  of 
Steinhaus,^  Pick,*^  Lannaeq,^  Gerhardt,*®  Beloussow,^  and 
Harley  ^^  showed  in  experimental  obstruction  in  animals  the 
same  changes  in  the  liver  as  are  found  in  these  cases  of 
biliary  stasis  in  human  individuals. 

Let  us  now  see  if  we  can  determine  the  nature  of  these 
lesions  in  the  ducts  that  give  rise  to  the  ensuing  changes. 
The  possibilities  to  be  considered  as  causing  the  obliteration 
are  primarily  three :  ist,  a  developmental  anomaly;  2d,  the 
organization  of  a  non-specific  intrauterine  inflammatory 
condition  located  in  the  ducts  themselves,  and  3d,  a  syphi- 
litic induration  of  the  ducts. 

I.  An  anomaly  of  development.  —  A  number  of  facts 
speak  strongly  for  an  anomaly  of  development  being  the 
causal  factor  in  many  of  the  cases.  Firstly,  the  fact  that  the 
bile  ducts  are  originally  solid  cords,  Remak's  fibers,  as  they 
are  called,  and  that  subsequently  these  have  lumina  formed 
within  them  suggests  that  obliteration  may  be  the  result  of 
a  simple  failure  of  lumination  in  some  portion  of  the  biliary 
tract.  According  to  Hertwig,  quoted  by  Mohr,*'  the  earliest 
fetal  evidence  of  the  liver  and  ducts  is  a  solid  cord  that 
grows  out  from  the  gut  tract  about  the  third  week.     The 


68  LAVENSON. 

peripheral  end  of  this  branches  to  form  the  bile  capillaries 
while  the  proximal  end  forms  the  hepatic  duct.  After  a 
short  time  this  entire  mass  detaches  itself  from  the  gut  tract 
and  lies  free  in  the  abdominal  cavity.  Some  time  later  a 
second  budding  takes  place  from  the  gut  tract  to  form  the 
ductus  choledochug  which  grows  outward  to  join  the  ductus 
hepaticus  already  formed.  This  is  a  very  suggestive  fact, 
for  in  some  of  the  cases  (6,  i6,  32,  46,  55)  the  obliteration 
was  just  at  the  point  of  junction  of  the  hepatic  and  common 
ducts,  the  portions  above  and  below  this  point  being  patu- 
lous. It  seems  plausible  that  the  obliteration  may  have 
resulted  from  a  faulty  union  of  the  two  rudimentary  portions 
of  the  ducts. 

A  feature  lending  even  more  weight  to  the  view  that  an 
anomaly  of  development  may  be  the  cause  of  the  condition 
under  discussion  is  the  occurrence  of  other  undoubted  anom- 
alies of  development  in  the  liver  and  its  appendages  and 
the  occasional  occurrence  of  impervious  ducts  associated 
with  striking  congenital  defects  in  other  portions  of  the 
body.  In  the  first  group  are  such  cases  as  those  of 
Simpson  ^^  in  which  the  gall  bladder,  the  cystic  duct,  and  the 
caudate  and  Spigelian  lobes  were  all  found  absent.  Simple 
congenital  absence  of  the  gall  bladder  as  noted  by  Morgagni, 
Wahlbom  and  Biittner  (quoted  by  Meckel^),  Forster  ^^  and 
others  is  a  not  unusual  occurrence.  Eshner^*  collected  a 
number  of  instances  of  this  condition  and  reported  one  of 
his  own. 

In  the  second  group  are  such  cases  as  that  of  Feer^*  in 
which  there  was  complete  situs  inversus  associated  with 
obliteration  of  the  ducts;  that  of  WitzePMn  which  there 
was  obliteration  of  the  ducts,  situs  inversus,  cystic  liver, 
cystic  kidneys,  absence  of  both  eyeballs  and  other  minor 
defects ;  and  the  case  of  Herbert  ^^  in  which  there  was  a 
persistent  ductus  Botalli  and  absence  of  the  hand  and  ulna 
of  the  left  arm  associated  with  obliteration  of  the  ducts. 
The  association  of  these  marked  anomalies  of  development 
with  impervious  ducts  is  to  my  mind  a  feature  of  great  sig- 
nificance and  leads  me  to   believe   that  a  large   percentage 
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of  the  cases  of  congenital  obliteration  are  a  result  of  a  con- 
genital defect  of  development. 

2.  The  organization  of  a  non-specific  inflammation  of 
the  ducts.  —  In  regard  to  this  possibility  it  is  difficult  to  say 
much  on  the  basis  of  observation  on  account  of  the  fact 
that  these  cases  present  themselves  for  study  only  long  after 
the  manifestations  of  an  acute  process  would  have  been 
replaced  by  the  fibroid  changes  which  are  not  characteristic 
of  any  particular  form  of  inflammation.  VVronka  ^■-  believes 
that  the  force  and  rapidity  with  which  bile  is  expelled  from 
the  ducts  in  difficult  labors  may  produce  irritation  and 
inflammation,  and  reported  a  case  of  an  icteric  infant  dying 
on  the  eighth  day  in  which  the  autopsy  revealed  a  hemor- 
rhagic-diphtheritic  inflammation  of  the  bile  ducts.  However, 
most  of  these  cases  undoubtedly  have  their  origin  a  consider- 
able time  before  birth.  In  Virchow's  Archiv  for  1867  four 
cases  were  reported  in  which  simple  catarrhal  inflammation 
of  the  bile  ducts  was  supposed  to  have  caused  a  partial 
fibroid  obliteration  of  them.  Nevertheless,  the  relative 
infrequency  of  catarrhal  jaundice  in  infants  compels  us  to 
look  upon  inflammation  of  the  ducts  with  subsequent  organ-  • 
ization  as  an  improbable  cause  of  the  obliteration  in  the 
majority  of  cases,  though  it  is  possible  that  in  intrauterine 
life  the  ducts  are  subject  to  some  influences  not  present  after 
birth. 

3.  Syphilis. —  In  a  review  of  the  cases  appearing  in 
the  literature  it  will  be  observed  that  there  are  a  number 
of  syphilitic  conditions  affecting  the  liver  and  gall  ducts 
simulating  the  one  under  discussion.  Thus  Lommer^ 
reports  a  case  of  a  macerated  syphilitic  fetus  born  dead  in 
which  the  ductus  choledochus  was  transformed  into  a  fibrous 
cord  and  the  right  lobe  of  the  liver  was  the  seat  of  a  syphi- 
litic hepatitis.  Schiippel's  ^  third  case  was  similar ;  the 
portal  vein,  hepatic  artery,  and  hepatic  duct  of  an  infant 
dying  on  the  ninth  day  were  involv^ed  in  a  dense  syphilitic 
infiltrating  mass   that  extended  into  the  liver.     The  cases  of 
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Beck^^  and  Chiari''^  showed  a  gummatous  infiltration  of  the 
bile  ducts  with  more  or  less  constriction  resulting,  but  no 
involvement  of  the  liver.  Again,  there  have  been  cases 
such  as  those  of  Hansemann,^^  Neumann/^  d'Espine  and 
Picot,^''*  and  Henoch  ^*'' in  which  the  livers  have  resembled 
biliary  cirrhosis  without  obstruction,  but  have  been  thought 
by  their  observers  to  be  due  to  an  interstitial  syphilitic  hepa- 
titis. In  some  of  the  cases  (Neumann  ^^  and  Ashby  ^)  there 
has  been  a  history  of  parental  syphilis,  but  none  of  the 
stigmata  of  congenital  syphilis  in  the  infants.  Two  of  the 
reporters  of  cases  (Skormin^^  and  Roth  ^)  though  present- 
ing no  basis  for  their  view  held  syphilis  accountable  for  the 
bile  duct  obliteration  in  their  cases.  I  can  see  no  rational 
basis  for  looking  upon  the  condition  as  syphilitic,  when  the 
numerous,  definite   lesions  of  congenital  syphilis  are  lacking. 

Lastly,  it  is  worthy  of  mention  that  a  striking  simulation 
of  obliteration  of  the  bile  ducts  can  be  conceived  of  in  a 
condition  such  as  was  presented  by  Ford's^  case:  the 
patient  was  an  infant  with  tuberculosis  of  the  cervical  lymph 
glands,  developing  at  the  age  of  one  and  one-half  years 
deep  jaundice,  with  clay-colored  stools  and  pigmented  urine. 
Later  the  liver  became  enlarged,  and  at  autopsy  a  typical 
biliary  cirrhosis  was  found  as  the  result  of  an  inflamed  gland 
at  the  hilus  of  the  liver  pressing  upon  and  completely 
obstructing  the  common  duct.  This  case,  furthermore,  adds 
convincing  evidence  of  the  secondary  nature  of  the  cirrhosis 
in  obstruction  of  the  ducts,  as  the  microscopic  changes  in 
the  liver  were  identical  with  those  found  in  congenital  cases. 

Let  me  add  a  word  in  regard  to  the  use  of  the  term  "  con- 
genital obliteration  of  the  ducts."  Though  I  have  used  this 
term  throughout  my  remarks,  I  believe  that  it  does  not 
most  accurately  express  the  existing  condition.  The  word 
"  obliteration  "  presupposes  the  existence  of  a  lumen  which 
subsequently  becomes  destroyed.  As  it  is  my  belief  as  pre- 
sented in  the  above  analysis  that  the  condition  is  in  most 
cases  the  result  of  an  anomaly  in  which  there  is  a  failure  of 
formation  of  a  lumen  rather  than  a  destruction  of  it,  I  believe 
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that  the  term  "  atresia  of  the  bile  ducts"  would  better  express 
the  existing  condition. 

Treatment.  —  As  will  be  readily  appreciated  from  an 
understanding  of  the  condition  of  the  bile  ducts  in  these 
cases  medical  treatment  is  valueless.  Surgical  intervention 
may  in  suitable  cases  give  some  hope,  for  if  the  obstruction 
is  low  in  the  ducts  a  rational  procedure  would  be  to  form  an 
anastamosis  between  some  portion  of  the  small  intestine  and 
the  upper,  patulous  portion  of  the  ducts.  Operation  was 
unsuccessful  in  the  cases  of  Putnam,^^  Giese,^^  and  Morse  and 
Murphy.*'  Nevertheless,  since  the  outlook  without  opera- 
tion is  absolutely  hopeless,  and  operation  can  be  of  service 
in  suitable  cases,  one  would  be  justified  in  resorting  to  this 
measure. 

CONCLUSIONS. 

1.  In  the  congenital  condition  of  which  the  two  most 
prominent  features  are  an  obliteration  of  some  portion  of  the 
bile  ducts  and  a  more  or  less  extensive  degree  of  cirrhosis 
of  the  liver,  the  obliteration  of  the  bile  ducts  is  the  primary 
condition  and  the  cirrhosis  a  result  of  the  ensuing  biliary 
stasis. 

2.  In  the  majority  of  instances  the  obliteration  of  the 
ducts  is  the  result  of  an  anomaly  of  development,  a  failure 
of  the  formation  of  a  lumen. 

3.  The  term  "  atresia  of  the  bile  ducts  "  better  expresses 
the  existing  condition  than  "  obliteration  of  the  bile  ducts." 
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A  NEW  INSTRUMENT  FOR  MEASURING  MARKED 

DIFFERENCES  IN  EXPANSION  ON  THE 

TWO  SIDES  OF  THE  CHEST. 

By  R.  S.  Lavenson,  M.D., 

Assistant  Demonsiraior  of  Gross  Morbid  Anatomy,  University 
of  Pennjfylvania. 


The  instrument  shown  in  the  accompanying  illustration 
was  designed  with  the  hope  of  its  being  of  some  diagnostic 
value  in  determining  differences  in  the  expansion  of  the  two 
sides  of  the  chest.  This  hope,  however,  had  to  be  abandoned, 
as  it  proved  to  be  of  not  sufficiently  delicate  accuracy,  and  its 
use  is  limited  to  that  indicated  in  the  title,  the  demonstration 
of  marked  differences  of  expansion  on  the  two  sides  of  the 
chest. 

The  instrument  consists  of  a  metal  cylinder,  on  the  top  of 
which  is  a  dial  with  centimeters  marked  in  both  directions 
from  the  zero  point.  Running  from  either  side  of  the  metal 
cylinder  is  a  steel  tape  (.4  B),  to  the  end  of  which  a  button 
(C)  is  attached.  These  two  tapes  work  upon  cylinders,  the 
movements  of  which  are  independent  of  each  other.  Each 
of  these  cylinders  is  controlled  by  a  spring,  and  is  connected 
with  the  hands  registering  on  the  dial  in  such  a  way  that  the 
tapes  may  be  withdrawn  and  allowed  to  return  at  will,  the 
hands  meantime  remaining  perfectly  stationary.  As  soon, 
however,  as  the  button  D  is  pressed  downward,  the  hands 
and  cylinders  are  connected,  so  that  movements  of  the  tape 


are  registered  in  centimeters  on  the  dial.  The  advantage 
of  this  arrangement  will  be  seen  in  the  manipulation  of  the 
instrument. 

To  use  the  instrument,  the  disk  E  is  placed  upon  the  ster- 
num, a  little  below  Lud wig's  angle;  the  tapes  are  drawn 
horizontally  about  the  chest  and  joined  to  the  button  C, 
which  is  placed  directly  upon  the  spinal  column.  With  the 
instniment  in  this  position,  the  patient  inspires  and  expires 
at  will  without  the  respiratory  movements  having  any  influ- 
ence upon  the  hands,  both  of  which  are  resting  at  the  zero 
point.  At  the  beginning  of  any  chosen  inspirator}*  act,  with 
usually  the  coincident  request  to  the  patient  for  a  deep  in- 
spiratory effort,  the  button  D  is  depressed,  and  the  two 
hands  move  in  accordance  with  the  increase  in  circumfer- 
ence of  the  respective  sides  of  the  chest,  the  expansion  of  the 
right  side  registering  on  the  outer  line  R;  the  left,  on  the  inner 
line  L.  The  two  features  which  are  apparently  most  potent 
in  preventing  the  registration  of  small  differences  in  expan- 
sion are  the  various  degrees  of  compressibihty  of  the  soft  tis- 
sues of  the  chest  and  the  friction  that  at  times  exists  between 
the  skin  surface  and  the  steel  tapes.  These  two  conditions 
make  possible  the  registration  of  only  such  degrees  of  differ- 
ence as  could  ]ye.  appreciated,  though  not  so  graphically, 
without  the  use  of  an  instrument. 
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TYPHOID  MENINGITIS  WITHOUT 
OTHER  LESIONS. 

By  R.  S.  Lavenson,  M.D., 

Assistant  Pathologist  to  the  University  Hospital;  Assistant 

Visiting  Physician  to  the  Philadelphia  General  Hospital; 

Associate  in  the  William  Pepper  Laboratory 

of  Clinical  Medicine. 

(From  the  William  Pepper  Laboratory  of  Clinical  Medicine.) 


The  case  forming  the  topic  of  these  remarks  presents 
an  interesting  and  unique  picture.  Unfortunately,  one  of 
the  links  in  the  chain  of  clinical  and  pathological  findings 
is  missing,  but  the  facts  obtained  are  suflSciently  striking 
to  permit  in  the  author's  judgment  of  a  rational  deduction 
as  to  the  nature  of  the  case. 

The  patient  was  a  woman,  aged  twenty-six  years,  admitted 
to  the  University  Hospital  on  April  22,  1906,  to  the  service 
of  Dr.  Stengel,  to  whose  courtesy  I  am  indebted  for  the  use 
of  the  clinical  data.  The  chief  complaints  were  intense 
frontal  headache,  fever,  vomiting,  and  photophobia. 

Previous  History.  The  patient  had  been  healthy  and 
vigorous  excepting  for  an  alleged  attack  of  typhoid  fever 
several  years  ago.  For  a  number  of  weeks  previous  to  the 
onset  of  the  present  illness  she  had  assisted  in  nursing  her 
brother  through  a  severe  attack  of  typhoid  fever. 

History  of  Present  Illness.  Four  days  before  admission 
the  patient  was  suddenly  seized  with  agonizing  frontal  head- 


ache  associated  with  vomiting,  photophobia,  and  great 
muscular  soreness.  These  symptoms  persisted  until  admis- 
sion to  the  Hospital.  There  had  been  suppression  of  urine 
for  thirty-six  hours.  Fever  appeared  two  days  before  admis- 
sion. On  admission  temperature  was  103°;  pulse,  80;  respira- 
tions, 16.  The  patient  was  slightly  stuporous,  but  not  delirious, 
and  she  bore  an  expression  of  extreme  suffering. 

Physical  Examination.  The  physical  examination  revealed 
absolutely  no  abnormalities  excepting  for  pain  over  the 
forehead  on  pressure.  There  was  no  rigidity  of  the  neck,  no 
cranial  palsies.  Knee-jerks  were  normal.  Kernig's  sign 
was  not  present.  There  was  no  eruption.  The  spleen  was 
not  enlarged.    There  was  no  abdominal  tenderness. 

Urinalysis.  Pale  yellow;  acid;  specific  gravity,  1024; 
thick,  flocculent  precipitate;  triple  phosphates  and  epithelial 
cells.    Albumin  and  sugar  negative. 

Blood  Examination.  Hemoglobin,  72  per  cent,;  red 
blood  corpuscles,  4,020,000;  white  blood  corpuscles,  20,640. 

April  25.  Patient  was  mildly  delirious.  Kernig's  sign 
was  present. 

27th.    Tache  cerebrale  was  noted. 

S{)th.    Rigidity  of  neck  was  observed. 

May  3.    Hematuria  occurred. 

4th.    The  patient  developed  edema  of  the  lungs  and  died. 

During  the  first  two  days'  residence  in  the  hospital  the 
temperature  varied  between  101°  and  103.3°.  From  then  until 
death  it  remained  between  99.3°  and  102°,  the  fluctuations 
occurring  without  any  regularity.  The  leukocytes  remained 
in  the  neighborhood  of  20,000  from  the  time  of  admission 
until  death.  Two  Widal  tests  were  made.  The  first  was  on 
April  23,  approximately  the  fifth  day  of  the  disease,  and  was 
negative  in  dilutions  of  1  to  10  and  1  to  50;  the  second  was 
on  April  26,  the  eighth  day  of  the  disease,  and  was  positive 
in  dilutions  of  1  to  10  and  1  to  50.  ": 

On  April  27  a  lumbar  puncture  was  performed,  and  from 
the  fluid  obtained  cultures  were  made.    The  technique  was 


as  follows:  The  original  cultures  were  made  on  agar  plates 
after  the  usual  iManncr.  Alxnit  twelve  colonies  were  obtained 
on  the  first  plate,  fewer  on  the  others.  They  were  all  of  the 
same  type,  conforming  entirely  to  the  characteristics  of  the 
tN'phoid  bacillus.  From  these  colonies  inoculations  were  made 
on  agar  slants,  potato,  glucose  agar,  lactose  agar,  saccharose 
agar,  bouillon,  milk,  gelatin  tubes,  gelatin  plates,  and  agar 
plates.  The  results  of  all  of  these  inoculations  conformed 
absolutely  to  the  cultural  j^eculiarities  of  the  typhoid  bacillus. 

A  twenty-four-hour  bouillon  culture  of  this  organism  was 
then  tested  with  the  serum  in  dilutions  of  1  to  10  and  1  to  50 
of  a  stock  rabbit  immunized  to  the  typhoid  bacillus.  The 
a^lutination  was  complete. 

The  same  culture  was  treated  with  the  serum  of  rabbits 
immunized  to  the  paratyphoid  bacillus  and  to  the  colon 
bacillus,  and  the  result  was  negative. 

On  April  27  blood  cultures  were  made,  all  of  the  five 
flasks  used  remaining  sterile. 

Such  stringent  objections  to  the  performance  of  an  autopsy 
were  made  by  the  family  that  it  could  not  be  performed  until 
twenty-four  hours  after  death,  by  which  time  the  body  had 
been  injected  by  the  undertaker,  a  process  which  excluded 
the  possibilibr  of  making  cultures. 

The  autopsy  pre,sented  absolutely  negative  findings  except- 
ing for  the  meninges.  Especially  to  be  noted  are  the  facts  that 
there  were  no  intestinal  lesions  and  that  the  spleen  was  not 
enlarged.  Over  the  convexity  of  the  right  cerebral  hemi- 
sphere, slightly  anterior  to  the  premarginal  fissure,  was  a 
collection  of  thick  pus  in  the  pia-arachnoid.  Slightly  below 
and  anterior  to  this  area  was  a  smaller  area  of  similar  char- 
acter. The  frontal  portion  of  the  left  convexity  showed  one 
small  focus  of  the  same  nature.  No  exudate  was  visible  on 
the  base.  No  tubercles  could  he  determined  in  any  portion 
of  the  meninges.  The  ventricles  contained  a  moderate  amount 
of  light-yellow,  slightly  turbid  fluid. 

Smears  from  the  purulent  exudate  showed  a  large  number 


of  Gram-negative  bacilli  of  the  morphological  characteristics 
of  typhoid  bacilli  and  a  few  larger,  Gram-positive  bacilli. 
Stains  for  tubercle  bacilli  were  negative. 

The  particularly  interesting  features  to  be  extracted  from 
the  above  clinical  and  pathological  data  are:  (1)  The  onset 
of  symptoms  of  meningeal  irritation  at  the  end  of  a  number 
of  weeks'  attendance  on  a  case  of  typhoid  fever;  (2)  the 
occurrence  of  a  negative  Widal  five  days  after  the  onset  of 
the  symptoms  and  a  positive  Widal  eight  days  after  the  onset; 
(3)  the  isolation  of  typhoid  bacilli  from  the  cerebrospinal 
fluid,,  and  (4)  the  finding  in  the  meningeal  exudate  of  bacilli 
harmonizing  with  the  morphological  peculiarities  of  typhoid 
bacilli,  associated  though  they  were  with  bacilli  of  another 
type. 

The  onset  of  the  symptoms  after  a  number  of  weeks' 
attendance  by  the  patient  on  a  case  of  typhoid  fever  is  a  very 
suggestive  occurrence.  As  to  the  probable  mode  of  ingress 
of  the  bacillus  we  can  but  theorize.  Some  observers  claim 
the  possibility  of  the  typhoid  bacillus  gaining  entrance  through 
the  respiratory  tract,  while  others  contend  that  it  is  only 
through  the  gastro-intestinal  tract  that  the  bacillus  enters 
the  body.  If  we  look  upon  the  latter  as  the  route  of  infection 
in  our  case,  we  must  assume  the  possibility  of  the  organism 
penetrating  the  mucous  membrane  of  the  gastro-intestinal 
tract,  without  the  production  of  any  lesions  in  the  tract. 
Moreover,  in  this  case  we  in  all  probability  have  no  general 
infection  such  as  occurs  in  the  usual  case  of  typhoid  fever 
with  intestinal  lesions,  as  indicated  by  the  negative  blood 
cultures.  This  complete  localization  of  the  process  is  prob- 
ably responsible  for  a  number  of  features  very  unlike  those  of 
ordinary  typhoid :  the  leukocytosis,  the  irregular  temperature, 
the  absence  of  rose  spots,  and  splenic  enlargement.  The  his- 
tory of  a  possible  attack  of  typhoid  fever  some  years  ago  is 
very  interesting  in  this  connection.  It  suggests  that  a  general 
infection  with  the  typhoid  bacillus  does  not  protect  against 
a  subsequent  local  infection  if  the  organism  finds  a  suitable 


habitat,  though  we  cannot  exclude  the  possibiHty  of  the  organ- 
ism having  gained  access  to  the  body  by  passing  through  the 
mucous  membrane  of  the  intestines,  leaving  it  apparently 
unharmed.  It  impresses  the  author  as  more  rational  to  con- 
sider the  infection  as  having  occurred  directly  from  the  nasal 
cavities,  where  the  organism  may  have  been  deposited  directly 
from  the  air  or  by  the  patient's  fingers. 

The  absence  of  a  Widal  reaction  until  the  eighth  day  of  the 
disease,  the  time  of  its  usual  occurrence  in  ordinary  typhoid 
fever,  is  a  very  striking  feature.  Von  I^ube*  says:  "The 
occurrence  of  first  a  negative  and,  subsequently,  a  positive 
Widal  reaction  is  the  most  reliable  response  to  the  test.  In 
such  cases  typhoid  can  be  positively  diagnosticated."  We  can 
only  assume  that  the  local  infection  with  the  bacillus  typhosus 
imparts  to  the  blood  serum  the  same  agglutinative  properties 
as  does  a  general  infection. 

The  isolation  of  the  typhoid  bacillus  in  pure  culture  from 
the  cerebrospinal  fluid  is  a  fact  needing  no  explanation,  and 
one  which,  in  conjunction  with  a  clinical  data,  leaves  little 
doubt  as  to  the  nature  of  the  infection.  The  fact  that  in  the 
smears  from  the  meningeal  exudate  bacilli  of  different  mor- 
phology were  found  in  association  with  the  typhoid  bacillus 
has  at  most  only  the  significance  of  a  secondary  infection. 
The  deplorable  inability  to  have  made  cultures  from  this 
exudate  naturally  makes  the  deductions  as  to  the  etiology 
of  the  case  somewhat  less  positive,  but,  excepting  to  the  most 
exacting  critic,  the  typhoid  bacillus  must  be  looked  upon  as 
the  cause  of  the  purulent  meningitis. 

Cole,'  in  1904,  collected  a  number  of  more  or  less  authentic 
cases  of  meningitis  with  serous  or  purulent  exudate  compli- 
cating ordinary  typhoid  fever  with  intestinal  lesions. 

Neumann  and  Schaffer*  report  a  case  of  meningitis  unasso- 
eiated  with  other  lesions,  from  the  exudate  of  which  they 

»  Munch,  med.  Woch.,  1898,  Nr.  8. 

*  Johns  Hopkins  Hospital  Reports,  1904,  vol.  xii,  p.  379. 

•  Virchow's  Archiv,  Band  109. 


isolated  an  organism  similar  in  most  characteristics  to  the 
bacillus  typhosus,  but  differing  from  it  in  others,  so  that  they 
were  not  willing  to  identify  the  organism  as  typhoid. 

I  have  been  unable  to  find  any  case  in  the  literature  in 
which  the  typhoid  bacillus  was  the  apparent  cause  of  a 
meningitis  unassociated  with  intestinal  lesions.^ 

I  desire  to  take  this  opportunity  of  expressing  my  appre- 
ciation of  Dr.  Cope's  work  in  the  isolation  and  identification 
of  the  typhoid  bacillus  in  this  case. 


*  Henry  and  Rosenberger  reported  before  the  Philadelphia  Patho- 
logical Society  a  case,  soon  to  appear  in  print,  of  typhoid  meningitis 
without  intestinal  lesions. 
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Aplastic  anemia  was  first  described  by  Ehrlich'  in  1888.  Since 
that  time  isolated  cases  have  been  reported  and  recently  the  con- 
dition has  received  considerable  attention.  The  following  typical 
case  occurred  in  the  University  Hospital  in  the  service  of  Dr. 
Stengel,  to  whom  I  am  indebted  for  the  clinical  data. 

J.  C,  female,  aged  thirty-three  years,  white,  married,  was  admitted 
to  the  University  Hospital  December  18,  1905,  complaining  chiefly 
of  palpitation  of  the  heart  and  vomiting  after  taking  food. 

Previous  Medical  History.  The  patient  had  measles,  whooping- 
cough,  and  chicken-pox  during  childhood;  diphtheria  at  twenty-two 
years ;  "  congestion  of  the  lungs"  at  twenty-five  years.  Menstruation 
began  at  eleven  years,  and  has  always  been  regular  and  at  times  pain- 
ful. For  the  past  eleven  years,  since  her  last  child  was  bom,  the  dis- 
charge has  lasted  about  a  week  and  has  been  profuse.  The  patient  says 
that  until  the  onset  of  the  present  illness  she  has  always  been  robust. 

Social  History.  The  patient  was  married  at  the  age  of  nineteen 
years,  and  is  the  mother  of  two  healthy  children,  respectively  twelve 
and  eleven  years  of  age.  She  had  one  miscarriage  three  years  ago, 
apparently  induced  by  severe  exertion.  Her  work  has  been  con- 
fined to  household  duties. 

Family  History.  The  patient's  father  died  of  "liver  abscess" 
at  the  age  of  thirty-eight  years.  Her  mother  is  Mxing  and  well  at 
fifty-seven  years.  Four  sisters  are  living  and  well.  There  is  in 
the  family  no  history  of  tuberculosis,  cardiac  or  renal  disease,  or 
neoplasm,  and  no  condition  similar  to  that  of  the  patient. 

History  of  Present  Illness.  The  present  trouble  dates  from  about 
eight  weeks  ago,  when  the  patient  noticed  that  she  was  becoming 

'  Read  at  the  meetins  of  the  Aasociatino  of  American  Phyneians,  Washinij^on,  D.  C,  May 
15  and  16,  1906. 
>  Chants  Aonalen,   1888,  xiii. 
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pale,  objects  appeared  yellow  to  her,  and  she  was  constantly 
fatigued.  SLx  weeks  ago  she  began  vomiting  after  taking  food. 
This  vomiting  was  inhibited  by  her  lying  down.  Shortly  after  the 
vomiting  commenced  cardiac  palpitation  and  dyspnoea  on  the 
slightest  exertion  made  their  appearance,  and  the  patient  noticed 
that  she  was  becoming  progressively  paler  and  weaker.  She  judges 
that  in  the  past  eight  weeks  she  has  lost  about  twenty  pounds. 
During  the  last  week  she  has  had  six  attacks  of  temporary 
unconsciousness  lasting  about  five  minutes  each.  They  were 
induced  by  no  apparent  cause.  She  has  not  fallen  in  the  attacks, 
has  not  bitten  her  tongue,  and  has  had  no  convulsive  movements 
during  the  attack.  Her  appetite  is  poor  and  the  bowels  consti- 
pated. She  has  sour  eructations  and  vomits  on  the  slightest  exertion 
or  excitement.  She  has  .noted  no  discharge  of  blood  from  the 
mucous  niembranes.    The  feet  have  not  been  swollen. 

Physical  Examination.  The  patient  is  a  large-framed  woman 
with  subcutaneous  fat  well  preserved.  The  contrast  between  the 
degree  of  nutrition  and  the  degree  of  anemia  is  very  striking.  The 
skin  is  of  a  lemon-yellow  color,  the  mucous  membranes  are  univer- 
sally pale. 

There  are  no  areas  of  hemorrhage  in  the  skin  or  visible  mucous 
membranes.  There  is  no  enlargement  of  the  thyroid,  or  of  the 
cervical,  axillary,  or  epitrochlear  glands.  No  jaundice.  Pupils 
are  equal  and  react  sluggishly  to  light.  The  patient  complains  of 
some  loss  of  vision  in  the  left  eye.  Teeth  are  imperfect  and  carious. 
Thorax  is  well-formed.  Pulmonary  resonance  extends  anteriorly 
from  one  inch  above  the  clavicle  to  the  lower  border  of  the  sixth 
rib  in  the  midclavicular  line  on  the  right;  to  the  middle  of  the 
fourth  rib  on  the  left;  posteriorly  on  the  right,  to  the  tenth  dorsal 
vertebra;  on  the  left,  to  the  angle  of  the  scapula.  Below  the  angle 
of  the  scapula  the  resonance  is  somewhat  impaired  down  to  the 
tenth  dorsal  vertebra.  In  this  area  fremitus  is  diminished  and 
breath  sounds  are  feeble.  No  rales  are  heard.  This  area  of 
diminished  breath  sounds  extends  anteriorly  to  the  midaxillary  line. 
In  the  remaining  pulmonary  area  the  breath  sounds  and  fremitus 
are  normal.  The  usual  band  of  resonance  over  the  shoulder  is 
present  on  both  sides.  The  physiological  difference  in  breath 
sounds  between  right  and  left  apex  is  less  marked  than  usual. 
I'he  right  border  of  the  heart  dulness  is  at  the  right  border  of  the 
sternum;  upper  border,  middle  of  fourth  rib;  left  border,  one  inch 
outside  of  the  left  midclavicular  line  in  the  fifth  interspace.  The 
apex-beat  is  in  the  fifth  interspace  three-fourths  of  an  inch  inside 
of  the  midclavicular  line.  No  thrills  are  present.  There  is  a  soft 
systolic  murmur  at  the  apex,  heard  also  at  the  base,  and  most 
intense  at  the  fourth  interspace  one  inch  to  the  right  of  the  sternum. 
There  is  a  slight  accentuation  of  the  pulmonic  second  sound.  There 
is  a  continuous  murmur  heard  over  the  innominate  artery  resembling 
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a  venous  hum  in  its  rhythm.    There  is  also  a  dull  venous  hum 
hiph  in  the  neck,  over  the  jugular  vein. 

The  ahdoniinal  walls  are  thick,  but  the  abdomen  is  neither  dis- 
tende<l  nor  retracted.  'ITie  liver  dulness  extends  from  the  lower 
border  of  the  sixth  rib  to  within  one  inch  of  the  costal  margin  in 
the  midclavicular  line.  It  is  not  palpable.  Neither  kidney  is 
palpable.  No  tumor  is  discovered  in  the  abdomen.  The  spleen  is 
not  enlarge<l,  extends  from  the  eighth  to  the  tenth  rib.  It  is  not 
palpable.  Ner\'ous  examination  reveals  no  irregularities  of  reaction 
or  sensation. 

Urine  Analysis.  Amber,  clear,  slightly  acid;  specific  gravity, 
1010;  slight  trace  of  albumin;  no  sugar. 

Gastric  Analysis.  Free  HCl,  36.  Total  acidity,  64.  No  lactic 
acid.     No  Oppler-Boas  bacilli. 

Feces  Analysis.  Stool  is  yellow,  hard,  and  alkaline.  Contains 
considerable  vegetable  detritus,  a  small  amount  of  casein,  triple 
phosphates,  and  a  small  amount  of  soap.  Bile  is  present.  There 
is  no  occult  blood  and  no  indication  of  the  presence  of  parasites. 

Blood  Examination,  Hemoglobin,  10  per  cent. ;  red  blood  corpus- 
cles, 800,000;  white  blood  corpuscles,  2560;  color  index,  0.62. 
Differential  count:  lymphoc}'tes,  67  per  cent.;  polymorphonuclear 
neutrophiles,  27  per  cent.;  polymorphonuclear  eosinophiles,  0.4 
per  cent.;  large  mononuclear  leukocytes,  3.5  per  cent.  No  myelo- 
cytes were  found.  In  counting  over  1000  leukocytes,  one  normo- 
blast was  found.  Despite  repeated  searches  no  megaloblasts  were 
found.  There  were  no  microcytes.  Very  slight  poikolocjiosis, 
and  no  anisocytosis  were  found.  Subsequent  examination  of  the 
blood  revealed  but  tri^•ial  variations  fronl  this  count. 

Ophthalmoscopic  examination  revealed  a  well-marked,  low-grade 
neuroretinitis,  vrith  numerous  hemorrhages  of  various  size  and 
shape  lying  in  the  nene-fiber  layer,  and  a  few^  more  deeply  placed 
hemorrhages.  The  swelling  of  the  left  nerve  head  and  obscura- 
tion of  its  edges  was  more  marked  than  in  the  right  eye. 

Without  the  appearance  of  any  new  noteworthy  symptoms,  the 
patient  grew  progressively  weaker  and  died  with  syTnptoms  of 
oedema  of  the  lungs  eight  days  after  admission,  or  approximately 
nine  weeks  after  the  onset.  Permission  for  the  autopsy,  performed 
four  days  after  death,  was  obtained  through  the  efforts  of  Dr.  F. 
H.  MacFarland,  to  whom  I  am  deeply  indebted. 

Autopsy.  The  macroscopic  findings  briefly  stated  were  as 
follows:  The  body  of  a  well-formed,  well-nourished,  adult  female. 
Height  approximately  five  feet  three  inches.  Weight  about  one- 
hundred  and  thirty-five  pounds.  Subcutaneous  fat  moderately 
abundant,  light  yellow  in  color.  Muscles  of  fair  consistency 
and  pale.  The  left  pleural  cavity  contained  400  c.c.  of 
serosanguineous  fluid;  the  right  pleural  cavity  approximately 
200  c.c.  of  fluid  of  the  same  character.    There  was  oedema  of  the 


4  lavenson:  aplastic  anemia 

lungs  and  fatty  degeneration  of  the  heart  muscle.  There  were  no 
valvular  defects.  In  the  pelvic  peritoneal  cavity  were  200  to  300  c.c. 
of  dark-red,  fluid  blood  containing  one  small  clot.  The  liver 
was  anemic  and  fatty;  the  spleen  pale,  firm,  and  not  enlarged;  the 
kidneys  pale  and  fatty.  Aside  from  pallor  of  the  mucous  membranes 
the  gastrointestinal  tract  presented  no  abnormalities.  There  were 
no  evidences  of  the  presence  of  parasites.  In  the  mesentery  and 
retroperitoneal  tissues  a  few  hemolymph  nodes  were  found,  light 
reddish-brown  in  color,  and  of  the  size  of  small  beans.  The  marrow 
of  the  ribs  was  light  yellow  in  color;  that  of  both  the  diaphysis  and 
epiphysis  of  the  tibia,  fatty  and  extremely  pale. 

Histological  Examination.  There  was  fatty  degeneration  of  the 
heart  muscle  in  the  form  of  extremely  fine  globules  of  fat,  and  a 
considerable  hemosiderin  deposit,  mostly  in  the  protoplasm  of  the 
cells  at  both  poles  of  the  nucleus.  The  section  of  liver  showed  a 
marked  fatty  change  in  the  form  of  large  globules  confined  almost 
exclusively  to  the  central  half  of  the  individual  lobules.  There 
was  an  extensive  deposit  of  hemosiderin  occurring  diffusely  through- 
out the  liver  cells.  In  the  section  of  spleen,  there  was  noted  a 
moderate  proliferation  of  endothelium  within  the  pulp.  The  follicles 
were  prominent  but  apparently  not  hypertrophied.  A  few  normo- 
blasts were  visible  in  the  section.  In  the  kidney  the  epithelium  of 
the  tubules  of  the  cortex  showed  some  disintegration  and  in  many 
areas  was  detached  from  the  basement  membrane.  Numerous 
small  fat  globules  were  present  in  the  epithelium  of  the  tubules, 
especially  toward  the  free  margins  of  the  cells.  The  lumina  were 
filled  with  a  granular  exudate  including,  here  and  there,  shadows 
of  red  blood  corpuscles.  The  hemolymph  glands  showed  the 
peripheral  sinuses  to  be  small  and  there  was  some  endothelial  pro- 
liferation in  the  pulp.  Smears  and  sections  were  made  of  the  bone- 
marrow  of  the  shaft  of  the  tibia  near  the  epiphysis.  They  both 
showed  a  large  amount  of  fat,  a  very  few  normoblasts  and 
normocytes,  an  absence  of  megaloblasts,  a  moderate  number 
of  lymphocytes,  and  a  few  myelocytes.  No  polymorphonuclear 
leukocytes  could  be  identified. 

I  have  succeeded  in  collecting  from  the  literature  ten  cases  in 
which  the  clinical  phenomena  and  postmortem  findings  warrant 
their  being  considered  cases  of  aplastic  anemia.  They  are  as 
follows : 

Case  I. — Bloch.^  Female,  aged  sixty-three  years;  first  symptoms 
noted,  weakness  and  pallor;  duration,  six  weeks.  Blood:  hemo- 
globin, 28  per  cent.;  red  blood  corpuscles,  1,970,000;  leukocytes, 
3250.  Differential  count:  lymphocytes  greatly  preponderating;  no 
nucleated  red  blood  corpuscles;  a  few  microcytes;  no  megalocytes; 
cclcr  index,  0.71.     Postmortem  findings:   marrow  of  long  bones 

*  Ziegler's  Beitrage,  1903,  xxiv,  331. 
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showed  no  lymphind  hyperplasia;  in  mairow  of  ribs  there  were  no 
megulohlasts.  rn)nunent  clinical  feature:  four  days  before  death 
hemorrhage  from  buccal  mucous  membrane. 

Case  II. — Bloch.*  Female,  aged  fifty-three  years;  first  symptom 
noted  was  weakness.  Bl(X)d:  severe  anemia,  marked  reduction 
in  leukocytes,  those  persisting  being  almost  entirely  lymphocytes. 
No  megaloblasts ;  after  prolonged  search  a  few  normoblasts  were 
found.  Postmortem  findings:  marrow  of  shafts  of  long  bones  pale 
and  fatt)'.  Marn)w  of  epiphyses  of  normal  red  color.  Prominent 
clinical  feature:  numerous  gastric  hemorrhages  occurred  during  the 
course  of  the  disease. 

Case  III. — Ehrlich.^  Female,  aged  twent}-one  years;  metror- 
rhagia eighteen  days  before  onset.  Blood:  hemoglobin,  very  low; 
red  blood  corpuscles,  213,360;  white  blood  corpuscles,  greatly 
reduced.  Differential  count:  lymphocytes,  80  per  cent.;  polymor- 
phonuclear neutrophiles,  14  per  cent.;  large  mononuclear  leukocytes, 
3  per  cent.;  eosinophiles,  0;  no  nucleated  red  blood  corpuscles. 
Postmortem  findings:  bone-marrow  yellow  in  shafts  of  long  bones, 
slightly  pinkish  in  diaphyses.  No  megaloblasts.  No  normocytes. 
Ver}-  few  normoblasts  and  myelocytes.  No  polynucleated  gran- 
ulated cells. 

Case  IV. — Engel."  Female,  aged  thirtj-one  years;  shortly  before 
onset  blood  noted  in  stools  and  hemorrhage  from  gums;  duration, 
three  weeks.  Blood:  hemoglobin,  18  percent.;  red  blood  corpus- 
cles, 2,1 15,000 ;  white  blood  corpuscles,  greatly  reduced.  Differential 
count:  small  lymphocytes,  90  per  cent.;  polymorphonuclear  neutro- 
philes, 7  per  cent.;  no  microcytes;  no  macrocytes;  no  nucleated  red 
blood  corpuscles.  Color  index,  0.42.  Postmortem  findings:  dia- 
physes and  epiphyses  of  long  bones  yellow  and  fatty.  Microscopi- 
cally,  nothing  but  fat.  ^larrow  of  ribs  gray  and  water}*.  No  cells 
present.  Prominent  clinical  feature:  there  was  a  doubtful  history 
of  swallowing  of  corrosive  shortly  before  the  onset  of  symptoms. 
Chief  complaint  was  weakness. 

Case  V. — Evans  and  Halton.^  Male,  aged  thirty-six  years;  first 
symptoms  noted  shortly  after  bleeding  from  nose  lasting  two  and 
one-half  hours;  duration,  two  months.  Blood:  hemoglobin,  10  per 
cent.;  red  blood  corpuscles,  770,000;  white  blood  corpuscles,  2300. 
Differential  count:  polymorphonuclear  neutrophiles,  6  per  cent.; 
small  lymphocytes,  90  per  cent.;  large  lymphocytes,  4  per  cent.; 
eosinophiles,  none;  no  nucleated  red  blood  corpuscles.  No  marked 
poikilocytosis.  Shortly  before  death  two  nucleated  red  blood 
corpuscles  were  found;  color  index,  0.65;  actual  number  of  lympho- 
cytes, 2070.  Postmortem  findings:  skull  bones  showed  fatt)'  marrow 
with  very  few  cells.  Prominent  clinical  features:  chief  complaint 
was  weakness  and  faintness. 

*  ZiesrWs  I^itrfiKo.  lfl<)3.  xxiv,  3:}1.  »  Ixjc.  cit. 

•  Ztschr.  f.  kUn.  Med.,  1900,  u.  '  Jour.  Atner.  Med.  Assoc.  1005.  i,  1195. 
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Case  VI. — Hirschfeld.*  Female,  aged  twenty-eight  years;  onset 
shortly  after  delivery;  duration,  nine  months.  Blood:  red  blood 
corpuscles,  1,200,000;  white  blood  corpuscles,  3600.  Differential 
count :  small  lymphocytes,  72  per  cent. ;  no  eosinophiles ;  no  nucleated 
red  blood  corpuscles;  actual  number  of  lymphocytes,  2592.  Post- 
mortem findings:  bone-marrow  universally  yellow;  bone-marrow 
was  composed  chiefly  of  small  lymphocytes,  a  very  few  granulated 
cells,  and  a  few  normoblasts.  Prominent  clinical  features :  numerous 
small  hemorrhages  into  the  skin,  mucous  membranes,  and  retina 
occurred  during  the  course;  menstruation  was  extremely  profuse. 

Case  VII. — Muir.*  Male,  aged  fourteen  years ;  the  first  symp- 
toms noted  were  vomiting  of  blood,  bleeding  from  nose,  and  hemor- 
rhages into  skin;  duration,  eleven  weeks.  Blood:  hemoglobin,  12 
per  cent.;  red  blood  corpuscles,  800,000;  white  blood  corpuscles, 
7000.  Differential  count:  lymphocytes,  70  per  cent.;  polymorpho- 
nuclear neutrophiles,  25  per  cent.;  no  nucleated  red  blood  corpuscles; 
color  index,  0.75;  actual  number  of  lymphocytes,  4900.  Postmortem 
findings :  bone-marrow  fatty ;  very  few  nucleated  red  blood  corpuscles 
or  other  normal  cells  of  bone-marrow. 

Case  VIII. — Pasteur.*"  Male,  aged  twenty-four  years ;  first  symp- 
tom was  pain  in  epigastrium;  duration,  seven  weeks.  Blood: 
hemoglobin,  20  per  cent.;  red  blood  corpuscles,  1,090,000;  white 
blood  corpuscles,  2600.  Differential  count:  lymphocytes,  74  per 
cent.;  polymorphonuclear  neutrophiles,  20  per  cent.;  hyaline  and 
transitional  cells,  6  per  cent.;  no  megalo blasts ;  color  index,  0.91; 
actual  number  of  lymphocytes,  1924.  Postmortem  findings:  bone- 
marrow,  pale;  no  polymorphonuclear  leukocytes. 

Case  IX. — Zeri."  Female,  aged  fifty-seven  years ;  first  symptoms 
noted  were  hemorrhages  into  skin;  duration,  six  months.  Blood: 
hemoglobin,  20  per  cent.;  red  blood  corpuscles,  1,300,000;  white 
blood  corpuscles,  3580.  Differential  count:  polymorphonuclear 
leukocytes  were  scarce  in  comparison  to  lymphocytes;  no  macro- 
cytes;  no  megalo  blasts;  two  normoblasts  were  found;  color  index, 
0.76.  Postmortem  findings:  marrow  of  long  bones  yellow  in  both 
diaphysis  and  epiphysis;  the  same  in  costal  and  vertebral  bones. 
Prominent  clinical  features:  during  the  course  of  the  disease  patient 
had  prolonged  epistaxis  and  numerous  hemorrhages  into  skin. 

Case  X. — Zeri.*^  Male,  aged  forty-six  years;  onset  preceded  by 
diarrhoea;  duration,  three  months.  Blood:  hemoglobin,  38  per 
cent.;  red  blood  corpuscles,  1,423,000;  white  blood  corpuscles,  2700. 
Differential  count:  polymorphonuclear  leukocytes  and  transitional 
cells,  57  per  cent.;  eosinophiles,  0;  later  moderate  poikilocytosis;  a 
few  microcytes  and  macrocytes;  no  nucleated  red  blood  corpuscles; 
color  index,  1.33;  actual  number  of  lymphocytes,  1161.     Postmortem 
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findings:  marrow  of  flat  Iwnes,  orange  yellow;  cf  long  bones,  in 
both  epiphysis  and  diaphysLs,  yellow  and  fatty;  scarcity  of  polymor- 
phonuclear leukocytes;  normoblasts  with  multiform  nuclei  were 
present;  in  the  marrow  of  the  shafts  of  the  long  bones  degeneration 
and  proliferation  of  connective  tissue. 

Making  a  composite  case  from  these  ten  cases  and  my  own,  we 
obtain  one  of  the  following  characteristics:  age,  thirty-seven  years; 
duration,  three  months.  Blood:  hemoglobin,  18  percent.;  eiythro- 
cytes,  1,116,600;  leukocytes,  3574;  lymphocytes,  73  per  cent.;  actual 
number  of  lymphocytes,  2393;  color  index,  0.77.  It  is  readily  seen 
that  the  more  prominent  features  of  such  a  case  are  sufficiently 
marked  to  furnish  a  very  striking  clinical  picture,  associated  with 
unique  postmortem  findings. 

The  disease,  as  characterized  by  the  cases  quoted  shows  itself 
to  be  first  manifested  by  symptoms  common  to  any  profound 
anemia:  ready  exhaustion,  dyspnoea,  disturbance  of  vision,  tinnitus, 
nausea,  and  vomiting.  In  a  strikingly  large  percentage  of  cases,  con- 
siderable or  numerous  small  hemorrhages  occur  shortly  before,  or 
coincident  with,  the  onset  of  the  symptoms  of  anemia,  as  noted  by 
the  patient.  The  patient  usually  remains  fairly  well  nourished  as 
far  as  the  bulk  of  the  fixed  tissues,  particularly  the  fat,  is  concerned, 
and  there  is  a  striking  disharmony  between  the  quality  of  the  patient's 
blood  and  state  of  bodily  nourishment.  Usually  without  any 
prominent  symptoms  referable  to  any  other  system  or  function, 
the  patient  grows  progressively  weaker,  and  in  from  two  io  four 
months  dies.  Naturally  the  most  noteworthy  picture  Is  afforded 
by  the  blood  analysis,  in  which  there  Is  a  profound  reduction  in  the 
amount  of  hemoglobin  and  a  somewhat  less  marked  reduction  in 
the  number  of  red  blood  corpuscles,  an  absence  or  a  remarkably 
small  number  of  normoblasts,  a  total  absence  of  megaloblasts,  and 
a  leukopenia  associated  with  a  relative  lymphocytosis. 

At  autopsy,  aside  from  the  findings  purely  incidental  to  the  grade 
of  the  anemia,  there  Is  the  characteristic  feature  in  the  bone-marrow, 
which  Is  intensely  pale  and  fatty  and  lacks  the  evidences  of  blood 
regeneration. 

A  critical  review  of  these  more  prominent  symptoms  immediately 
suggests  the  question  that  has  been  the  source  of  some  argument 
in  regard  to  aplastic  anemia,  namely,  its  relation  to  progressive 
pernicious  anemia.  The  onset  of  the  disease,  its  course,  excepting 
as  to  the  rapidity  of  a  lethal  termination,  the  absence  of  any  marked 
loss  of  substance  in  the  fixed  tissues,  and  the  great  reduction  in 
the  amount  of  hemoglobin  and  the  number  of  red  corpuscles,  are 
common  to  both  conditions.  In  our  attempt  to  determine  the  rela- 
tion between  aplastic  anemia  and  progressive  pernicious  anemia, 
let  us  discuss  individually  the  phenomena  at  variance  in  the  two 
conditions.  Probably  the  most  striking  of  these,  and  surely  the 
most  important,  is  the  blood  picture  in  which  we  find  an  almost 
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complete  absence  in  aplastic  anemia  of  nucleated  red  blood  corpus- 
cles and  the  total  absence  of  megaloblasts.  Since  the  red  corpuscles 
are  a  product  of  the  bone-marrow,  a  consideration  of  them  will 
necessarily  involve  a  consideration  of  the  bone-marrow.  There 
Ls  by  no  means  a  unity  of  opinion  as  to  the  primary  effect  of  the 
etiological  agent  in  pernicious  anemia  in  its  relation  to  the  bone- 
marrow.  Rindfleisch  and  Colmheim^^  look  upon  the  bone-marrow 
changes  as  primary',  while  others  (Neumann,  Litten,  Orth)  con- 
sider them  as  secondary,  in  the  nature  of  an  attempt  on  the  part 
of  the  bone-marrow  to  compensate  for  the  destruction  of  red  blood 
corpuscles.  Just  as  the  character  and  number  of  the  atypical  red 
blood  corpuscles  vary  in  different  cases  of  anemia,  so  does  the 
character  of  the  bone-marrow  differ  (see  accompanying  plate).  In 
one  case  there  is  a  red  jelly-like  marrow  (megaloblastic  degen- 
eration) composed  almost  entirely  of  megaloblasts  and  associated  with 
the  presence  of  numerous  megaloblasts  in  the  circulating  blood;  in 
another  case,  but  few  megaloblasts  and  correspondingly  little  red 
marrow  in  the  shafts  of  the  long  bones.  In  a  case  that  I  recently 
autopsied,  there  were  a  very  moderate  number  of  normoblasts  and 
megaloblasts,  and  at  the  autopsy  the  shafts  of  the  long  bones  were 
found  to  be  fatty  with  islands  of  red  scattered  here  and  there  through 
it.  It  is  thus  seen  that  deductions  as  to  the  condition  of  the  bone- 
marrow  can  frequently  be  drawn  from  a  consideration  of  the  cells  of 
the  circulating  blood. 

h  What  of  these  relations  in  aplastic  anemia?  I  have  said  that 
the  blood  shows  an  extremely  limited  number  of  nucleated  red  blood 
corpuscles,  and  we  would  consequently  expect  to  find,  as  we  in 
fact  do,  a  pale  bone-marrow  in  which  the  evidences  of  new  blood 
formation  are  entirely  wanting.  We  see,  then,  that  in  aplastic 
anemia  there  is  a  blood  picture  which  is  but  a  reflection  of  the 
condition  of  the  bone-marrow,  in  which  evidences  of  regeneration 
are  entirely  lacking,  but  in  which  there  is  no  indication  that  the 
determining  factor  in  the  causation  of  the  disease  acts  in  any  way 
different  from  that  of  the  usual  type  of  progressive  pernicious  anemia. 
It  is  but  a  difference  in  response  of  the  organism  to  the  causative 
agent. 

What  of  the  color  index  which  in  typical  progressive  pernicious 
anemia  is  considered  to  be  characteristically  high,  and  in  aplastic 
anemia  has  been  in  all  cases,  excepting  one,  considerably  below  1,  and 
averages  in  all  the  cases  0.77?  In  progressive  pernicious  anemia, 
aside  from  megaloblasts,  there  are  non-nucleated  red  blood  corpus- 
cles of  considerably  more  than  normal  size,  megalocytes.  Laache 
has  offered  the  usually  accepted  explanation  for  the  high  color 
index  in  progressive  pernicious  anemia  in  the  large  number  of  these 
abnormal  cells  present,  which  containing  more  hemoglobin  than 

"  Virchow's  Archiv,  Ixvii,  291. 


Bone  Makrows. — 1.  Normal.  2.  T\-pical  progressive  pernicious  anemia. 
3.  Scattered  areas  of  megaloblastic  degeneration  in  progressive  pernicious 
anemia.     4.  Aplastic  anemia. 
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the  normal  cell  naturally  raise  the  color  value.  As  has  been  remarked, 
in  apla.stic  anemia  there  is  usually  little  anlsocytosLs,  and  with  the 
alxsence  of  both  megaloblasts  and  megalfX'ytes,  it  Is  readily  seen 
why,  on  the  basis  of  Laache's  theory,  the  color  index  should  not 
be  raised  above  the  normal.  An  interesting  theory  for  the  high 
color  index  in  progressive  pernicious  anemia  Is  proposed  by  Schau- 
mann."  He  considers  that  some  of  the  iron  deposited  as  hemo- 
siderin in  the  liver  and  spleen  is  taken  up  by  the  existing  corpuscles, 
used  as  a  nucleus  for  the  formation  of  more  hemoglobin,  and  thus 
each  individual  corpuscle  bears  more  than  the  normal  amount. 
Some  weight  is  lent  to  this  view  by  experiments  of  TallqvLst.*' 
In  experimental  anemias  in  dogs  he  showed  that  the  color  index 
was  higher  in  cases  of  slow  growing  anemia  than  in  those  of  rapid 
growth,  and  in  the  former  the  siderosis  was  greater  than  in  the  latter. 
This  theory  would  also  explain  the  low  color  index  in  cases  of  aplastic 
anemia,  as  they  have  almost  all  been  of  extremely  rapid  course. 

Let  us  consider  for  a  moment  this  more  rapid  course  and 
invariably  fatal  termination  of  aplastic  anemia  with  the  course 
and  termination  in  progressive  pernicious  anemia.  We  have  seen 
that  in  aplasic  anemia  destructive  forces  are  at  work  as  in  pro- 
gressive pernicious  anemia,  but  the  regenerative  process  present  in 
the  latter  Ls  wanting  in  the  former.  If  a  destmctive  process  l)e  active 
and  there  be  no  constnictive  process  to  counteract  it,  it  is  but  a 
natural  consecjuence  that,  other  things  being  equal,  exhaustion  will 
more  readily  result  than  if  there  be  constructive  changes. 

Another  feature  at  variance  in  the  two  conditions  is  the  number 
of  leukocytes  and  the  proportions  to  one  anotherof  the  vaiious  forms 
of  leukocytes.  In  uncomplicated  cases  of  progressive  pernicious 
anemia  the  leukocvtes  average  from  5000  to  6000;  in  aplastic  anemia 
they  average  3574.  What  is  even  more  striking  than  this  difference 
is  the  difference  in  the  percentage  of  lymphocytes.  In  progressive 
pernicious  anemia  the  lymphocytes  vary  from  37  per  cent.  (Strauss 
and  ]{()hnstein")  to  31  per  cent.  (McCrae),  while  in  aplastic  anemia 
tlu  y  average  73  per  cent.  A  discussion  of  the  principles  underlying 
this  variance  must  be  prefaced  by  a  few  words  concerning  the  origin 
of  leukwytes.  It  Is  generally  conceded  that  the  granulated  leuko- 
cytes, i.  e.,  the  polymorphonuclear  leukocytes  and  their  progenitors, 
the  myelocytes,  have  their  origin  hi  the  bone-marrow;  but  there 
has  l3een  a  vigorous  discussion  existing  for  some  time  as  to  whether 
tilt-  lyinphwytes  be  the  product  of  the  lM>nt^-niarrow  or  of  the  other 
more  distinctly  lymphatic  structures,  lymph  glands,  spleen,  and 
lynijjhati(  tissue  of  the  gastrointestinal  tract.  Ehrlich  Ijelieves 
firmly  in  the  origin  of  the  lymphocytes  from  tnie  lymphatic  struc- 
tures, while  others  claim  them  to  be  of  common  origin  with  the 
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granulated  cells.  That  lymphocytes  are  formed  in  the  bone-marrow 
there  can  be  little  doubt,  for  wherever  lymphoid  tissue  is  present, 
lymphocytes  are  produced ;  and,  as  was  shown  by  Arnold  and  Ribbert, 
there  is  an  element  of  lymphatic  tissue  in  almost  every  organ  of  the 
body.  So  although  lymphocytes  may  be  produced  in  the  bone- 
marrow  by  reason  of  the  participation  of  the  bone-marrow  in  the 
general  distribution  of  lymphatic  tissue,  I  do  not  believe  that  the 
production  of  lymphocytes  is  a  specific  function  of  it.  Let  us 
observe  what  bearing  the  lymphocytes  in  aplastic  anemia  have 
upon  the  question.  We  have  seen  that  the  red  blood  corpuscles 
and  the  granulated  leukocytes,  both  admittedly  products  of  the 
bone-marrow,  are  enormously  reduced.  But  what  of  the  lympho- 
cytes ?  We  have  seen  that  in  the  average  case  of  aplastic  anemia 
there  are  2393  lymphocytes,  and  it  will  be  observed  that  this  differs 
but  slightly  from  the  average  normal  number  of  lymphocytes,  about 
2200.  Does  it  not  seem  irrational  that  if  the  lymphocytes  be  an 
integral  part  of  the  bone-marrow  they  should  be  so  slightly  affected 
and  the  other  bone-marrow  elements  so  profoundly  reduced?  As 
to  the  relation  between  the  percentage  of  lymphocytes  in  progressive 
pernicious  anemia  as  compared  with  that  of  aplastic  anemia,  I 
look  upon  it  that  in  neither  condition  are  they  actually  materially 
affected.  In  progressive  pernicious  anemia  they  are,  on  the  average, 
approximately  35  per  cent,  of  the  total  number  of  leukocytes,  5000 
to  6000,  which  is  but  little  less  than  73  per  cent,  of  3574,  the  total 
average  number  of  leukocytes  in  aplastic  anemia.  The  difference 
depends  entirely  upon  the  variations  in  the  number  of  polymorpho- 
nuclear neutrophiles  and  in  harmony  with  the  generally  more  intense 
character  of  the  lesions  in  aplastic  anemia  they  are  more  markedly 
reduced  than  in  the  former. 

In  regard  to  the  autopsy  findings  the  essential  differences  in  the 
two  diseases  lie  in  the  bone-marrow,  which,  as  we  have  attempted  to 
show  in  the  above  analysis,  manifests  a  complete  failure  of  regener- 
ation on  its  part. 

Basing  our  deductions  upon  the  above  comparison,  we  thus  see 
that  progressive  pernicious  anemia  is  associated  with  regenerative 
pn)cesses  which  in  aplastic  anemia  are  lacking.  As  to  the  destruc- 
tive processes,  it  has  been  shown  by  Hunter,  Quincke,  Pepper  and 
Stengel  that  progressive  pernicious  anemia  Is  primarily  a  hemolytic 
disease.  That  aplastic  anemia  is  of  the  same  nature,  may  be  accepted 
by  reason  of  the  consistent  occurrence  of  hemorrhages  in  practically 
all  of  the  cases  reported,  and  by  reason  of  the  hemosiderosis  present 
in  our  case.  It  is  unfortimate  that  in  the  previously  reported  cases 
no  mention  is  made  cf  this  condition.  We  see,  then,  that  the  blood 
picture  in  aplastic  anemia  and  the  course  cf  the  disease  are  the  result 
of  two  factors:  the  one  the  heme  lysis,  the  other  the  failure  of  regen- 
erative changes  to  compensate  for  this  destruction.  The  failure  of 
regeneration  by  the  bcne-marrow  may  be  dependent  upon  one  of  the 
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following  three  factors:  first,  a  simple  deficiency  of  the  regenerative 
powers;  second,  an  inhihitive  action  on  the  bone-mairow  by  the 
factors  prculucing  the  destruction  of  the  bl(K?d  elements;  third,  a  true 
aplasia  of  the  bone-marrow.  If  the  latter  he  the  case,  the  aplasia  is 
pn)bably  of  recent  origin,  for  if  it  were  of  long  duration  there  would, 
in  all  pn)bal)ility,  have  been  manifestations  of  a  deficiency  in  blood 
formation  before  the  advent  of  the  hemolytic  agent. 

It  will  be  necessary  to  discuss  but  briefly  the  relation  that  aplastic 
anemia  bears  to  simple  anemia.  Lazanis  looks  upon  aplastic 
anemia  as  a  variety  cf  simple  anemia,  basing  his  view  upon  the 
fact  that  aplastic  anemia  is  most  like  simple  anemia  in  the  bkx)d 
picture.  A  review  of  the  cases  that  we  have  collected  reveals  the 
fact  that  in  practically  none  of  the  cases  has  there  been  the  history 
cf  the  various  organic  diseases  so  frequently  associated  in  an  etio- 
logical way  with  simple  anemia.  It  is  true  that  hemorrhages  do 
appear  to  have  been  more  frequent  and  probably  more  profound 
in  aplastic  anemia  than  in  progressive  pernicious  anemia,  but  that 
they  stand  in  an  etiological  relation  to  aplastic  anemia  can  scarcely 
be  entertained.  They  have  occurred  throughout  the  course  of  the 
disease  rather  than  precedent  to  it,  and  as  Birch-Hirschfeld"  has 
emphasized,  the  severity  of  the  anemia  stands  in  marked  contrast 
to  the  amount  of  hemorrhage,  though  it  must  be  admitted  that  in 
some  cases  when  hemorrhages  are  small  and  numerous,  and  espe- 
cially when  they  occur  in  the  gastrointestinal  tract,  a  calculation  of 
the  amount  of  blood  lost  is  difficult  or  impossible;  but  the  most 
important  elements  diflFerentiating  aplastic  anemia  from  simple 
anemia  are  furnished  by  a  consideration  of  the  clinical  features 
of  aplastic  anemia.  It  is  an  essentially  pernicious  disease  in  course, 
duration,  and  termination,  and  senes  well  to  illustrate  the  futility 
of  attempting  the  diagnosis  of  most  blood  diseases  on  the  blood 
picture  alone. 

The  exclusion  from  our  list  of  a  number  of  cases  that  have  been 
reported  as  cases  of  aplastic  anemia,  or  present  otherwise  features 
suggestive  of  this  disease,  requires  some  words  of  justification. 

Senator**  reports  the  case  of  a  girl,  aged  thirteen  years,  complaining, 
chiefly  of  weakness  and  vertigo.  The  disease  was  of  three  months' 
duration,  and  the  blood  findings  were  as  follows:  hemoglobin, 
8  to  10  per  cent.;  erythrocytes,  1,040,000;  leukocytes,  8000; 
poikihx-ytosLs;  no  nucleated  red  bkwd  corpuvscles;  no  eosinophiles. 
The  majority  of  the  white  blood  corpuscles  were  hniiphccv-tes. 
Blood  from  the  heart,  taken  at  autopsy,  showed  728,000  red 
blood  corpu.scles  and  11,200  white  blood  corpuscles,  of  which 
83.6  per  cent,  were  l}nnphoc}i:es.  At  autopsy  the  bone-marrow 
was  found  to  be  universally  red,  showing  microscopically  large 
numbers  of  lymphoc}-tes  and  a  few  normoblasts.     Two  elements 

■7  Verhandl.  d.  Conxress  f.  innere  Medisiii,  Wiesbaden,  1892,  xi. 
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in  this  ease  tend  to  exclude  it  from  the  aplastic  anemias.  The 
one  is  the  metaplastic  bone-marrow,  containing  numerous  lympho- 
cytes, the  other  the  occurrence  clinically  of  a  considerable  actual 
increase  of  the  lymphocytes,  as  is  shown  by  the  fact  that  83.6  per 
cent,  of  11,200  leukocytes  were  lymphocytes.  Senator  himself 
says  of  the  case,  after  a  consideration  of  the  clinical  and  postmortem 
features,  "we  are  thus  dealing  with  a  case  of  myelogenous  pseudo- 
leukemia, and  according  to  the  present-day  terminology  one  of  a 
pure  medullary  form,  since  the  lymphatic  glands  were  not  at  all, 
and  the  spleen  to  a  very  moderate  degree,  swollen." 

Blumer^®  reports  a  case  of  twenty-two  months'  duration,  occur- 
ring after  the  loss  of  considerable  blood  from  hemorrhoids.  The 
blood  showed  20  per  cent,  of  hemoglobin,  1,516,000  red  blood  cor- 
puscles, and  40C0  white  blood  corpuscles,  of  which  88.3  per  cent, 
were  lymphocytes.  An  average  of  one  normoblast  to  a  field  was 
found.  At  autopsy  the  bone-marrow  of  the  upper  part  of  the 
tibia  was  yellow,  that  of  the  ends  of  the  other  long  bones  partly 
red  and  partly  fatty.  On  the  basis  of  a  duration  of  twenty-two 
months,  which  is  more  than  seven  times  the  average  duration,  and 
the  presence  of  a  considerable  number  of  normoblasts,  in  harmony 
with  which  is  the  partly  red  and  partly  yellow  bone-marrow  of  the 
diaphyses,  we  feel  justified  in  looking  upon  this  as  a  doubtful 
case  of  aplastic  anemia.  It  has  more  of  the  features,  excepting 
for  the  percentage  of  lymphocytes,  of  a  low  grade  normoblastic  pro- 
gressive pernicious  anemia. 

SchaumannV"  case,  which  he  reports  as  aplastic  anemia,  is  very 
suggestive,  but  the  data  furnished  in  the  report  of  the  case  are 
insufficient  to  warrant  the  diagnosis. 

The  case  of  Pane,^^  quoted  by  Zeri  as  a  case  of  aplastic  anemia, 
is  doubtful.  The  meager  clinical  data  furnished,  associated  with 
the  finding  postmortem  of  a  splenic  tumor,  and  hyperplasia  of 
Peyer's  patches  and  the  solitary  follicles  of  the  intestinal  tract,  do 
not  justify  us  in  considering  the  case  one  of  aplastic  anemia. 

Wolff 's^^  case  presents,  as  he  himself  says,  "more  features  of  an 
aplastic  leukemia  than  an  aplastic  anemia." 

Escherich^"^  reports  a  case  of  anemia  in  a  child,  aged  four  years, 
that  strongly  suggests  aplastic  anemia.  The  disease  was  of  six 
months'  duration.  The  red  blood  corpuscles  varied  between  575,000 
and  737,500;  the  hemoglobin  between  10  and  15  per  cent.;  the 
leukocytes  between  3500  and  7000.  The  statement  Ls  made  that 
the  majority  of  white  blood  corpuscles  were  lymphocytes.  There 
was  considerable  poikilocytosis  and  macrocytosis  and  no  nucleated 

»«  Bull.  Johns  Hopkins  Hospitnl,  April,  1905. 

20  Volkmann's  Sammlung  klinischer  Vortriige,  n.  f.  No.  287. 

^'  Riforraa  Medica,  1900,  xvi.   No.  4. 

22  Berl.  med.  Woch.,  1905,  xlii.  No.  2. 

2S  Wien.  klin.  Woch.,  1892,  Nos.  13  and  14. 
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red  hl<H)(l  <()rptis<le.s.  Then'  wtus  at  first  sonic  v\\,'IIiiig  of  the 
lyiiiphatu*  ghiruls  in  the.  region  of  the  mastoid  uikI  in  the  left  axilla. 
It  Is  to  lie  regretted  that  there  was  no  jx)stniortein  examination  to 
confirm  the  stn)ng  suggestion  of  its  having  l)een  a  case  of  ;ij)Ia>tic 
anemia. 

Kurpjeweit"  has  recently  rejwrted  two  casrs  of  aiinnia  in  the 
agetl,  which  present  some  features  suggestive  of  aj)htsti<-  anemia, 
esjxK'ially  the  first  case.  However,  the  greatly  enlarged  spleen, 
measuring  IS.  5  cm.  x  12. 5  cm.  x  6  cm.,  and  the  hut  moderately  severe 
course  of  the  diseasj',  toorether  with  the  lack  of  leukocytic  exami- 
nation in  the  caM'.  will  iini  {xiiiiii  nf  a  diagnosis  of  aplastic  aii<-iiiia. 
The  secoml  case  also  had  a  remarkably  large  spleen,  <S0()  grams. 
Lymphocytes  did  not  preponderate,  and  the  bone-marrow  showed 
normoblastic  regeneration. 

Conclusions.  1.  Aplastic  anemia  is  a  variety  of  progressive 
pernicious  anemia. 

2.  The  essential  features  of  aplastic  anemia  are:  a  rapidly  fatal 
course;  a  marked  re<hiction  in  the  number  of  red  blood  corpuscles; 
a  greater  proportionate  reduction  in  the  amount  of  hemoglobin, 
resulting  in  a  low  color  index;  a  leukojx'iiia  with  a  relative  lym- 
phocytosis; an  absence  of  megaloblasts,  and  usually  normoblasts. 
Postmortem:  the  characteristic  finding  is  a  pale  bone-marrow  in 
which  the  signs  of  erythrocytic  and  granulated  leukocytic  forma- 
tion are  wanting. 

3.  The  diflFerences  between  aplastic  anemia  and  the  usual  form 
of  progressive  pernicious  anemia  result  entirely  from  the  absence 
of  regenerative  processes  in  the  former. 

4.  The  blood  picture  in  aplastic  anemia  is  the  result  of  two 
factors,  one  the  hemocytolysis,  and  the  other  the  failure  of  regen- 
eration on  the  part  of  the  bone-marrow. 

5.  The  failure  of  regeneration  of  the  blood  elements  of  the  bone- 
marrow  represents  the  result  of  one  of  the  three  following  conditions: 
(a)  A  simple  deficiency  of  the  regenerative  powers ;  (6)  an  inhibitive 
action  on  the  bone-marrow  by  the  factors  producing  the  destruc- 
tion of  the  blood  elements;  and  (c)  a  true  aplasia  of  the  bone- 
marrow.  If  there  be  a  true  aplasia  it  is  probably  of  recent  origin, 
for  if  it  were  of  long  duration  there  would  in  all  probability  have 
been  manifestations  of  a  deficiency  in  blood  formation  before  the 
advent  of  the  hemolytic  agent. 

6.  The  relations  of  lymphocytes  to  leukocytes  and  red  blood 
corpuscles  in  aplastic  anemia  lend  evidence  to  the  view  that  lympho- 
cytes are  not  a  specific  product  of  the  bone-marrow. 

^  Deut.  Archiv.  f.  klin.  Med..  Ixxxii,  Nos.  6  and  6. 
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The  extraordinary  features  presented  by  the  bones 
and  joints  of  the  patient  forming  the  subject  of  this 
communication  justify,  in  my  opinion,  the  publication 
of  the  case  as  an  almost  unique  one. 

Patient. — K.  I.,  a  woman  aged  54,  white,  single,  and  a  na- 
tive of  Ireland,  is  an  inmate  of  the  Philadelphia  Home  for 
Incurables. 

Family  History. — Her  family  history  presents  no  features 
bearing  any  relation  to  her  own  condition.  There  is  no  history 
of    rheumatism. 

Previous  Medical  Condition. — ^The  patient's  previous  history 
shows  her  to  have  been  strong  and  healthy  excepting  for  some 
undeterminable  infection  when  she  was  about  10  years  old. 
Her  work  was  confined  to  household  duties.  At  the  time  of 
the  onset  of  the  present  trouble  she  was  a  woman  of  about  5 
feet  3  inches  in  height,  weighing  in  the  neighborhood  of  135 
pounds. 

Present  Illness. — About  twenty-seven  years  ago  the  patient 
noted  some  pain  and  stiffness  in  the  right  hip,  coming  on  after 
a  severe  wetting.  This  disappeared  within  a  few  weeks,  and 
for  a  year  she  was  entirely  well.  At  this  time  pain  and  stiff- 
ness occurred  in  the  third  toe  of  the  right  foot.  Very  shortly 
after,  the  right  knee  was  similarly  involved,  and  then  success- 
ively, the  right  hand  and  wrist  and  the  left  wrist.  Later,  most 
of  the  remaining  joints  of  the  body  were  involved,  and  within 
a  few  months  from  the  onset  of  symptoms  in  the  toe,  practi- 
cally all  the  joints  of  the  body  were  affected.     There  was  some 

•  From   the   William    Pepper   Laboratory   of   Clinical    Medicine. 
Phoel>e  A.  Hesirst  Foundation. 
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swelling,  but  pain  on  movement  and  stiffness  were  the  most 
prominent  features.  The  patient  does  not  recall  having  had 
anj'  fever  at  this  time.  About  twenty  years  ago,  approxi- 
mately six  years  after  the  onset,  the  patient  noted  that  the 
thumb  of  the  right  hand  was  becoming  shorter,  and  soon  after 
observed  a  similar  process  in  all  fingers  of  both  hands.    There 


Fig.  1. — A  radiograph  of  the  right  hand. 


was  a  gradual  progression  of  this  shortening  until  a  few  years 
ago,  since  which  time  she  believes  there  has  been  no  increase  In 
the  process. 

Physical  Examination. — The  patient  is  an  extremely  small 
woman,  sitting  continuously  in  a  chair  with  the  trunk  flexed 
at  about  a  right  angle  to  the  thighs  and  the  head  slightly 
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flexed.  She  is  able  to  execute  only  the  slightest  movements 
of  arms  or  head.  The  examination  of  the  thoracic  and  abdom- 
inal viscera  reveals  no  unusual  features.  On  account  of  the 
inability  of  the  patient  to  extend  the  body,  the  measurement 
of  her  height  is  impossible,  but  estimation  places  it  at  not 
more  than   4   feet   10   inches.     The   examination   of  the   bony 


Fig.  2. — A  radiograph  of  the  left  hand. 


framework  and  joints  reveals  the  following:  In  the  neck  there 
is  a  lateral  motion  of  approximately  5  degrees.  Flexion  and 
extension  are  limited  to  10  degrees.  There  is  very  limited 
motion  in  the  spine.  Over  the  sternum,  commencing  an  inch 
below  the  suprasternal  notch,  is  a  bony  prominence,  one  inch 
in  length  and  two  inches  in  breadth,  which  shades  gradually 
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to  the  level  of  the  surrounding  tissue.  The  measurement  from 
one  acromial  process  to  the  other  is  ten  and  one-half  inches. 
From  the  right  sterno-clavicular  articulation  to  the  right 
acromion  is  five  and  one-half  inches.  From  the  left  sterno- 
clavicular articulation  to  the  left  acromion  is  four  inches. 
Both  shoulders  are  completely  ankylosed.  The  right  elbow  is 
ankylosed  at  an  angle  of  90  degrees.  The  left  elbow  permits 
of  a  motion  from  almost  complete  flexion  to  almost  complete 
extension.  There  is  marked  relaxation  of  the  bones  entering 
into  the  left  elbow  so  that  a  deep  groove  is  visible  both  in  the 
line  of  the  articulation  and  extending  from  this  downward  be- 
tween the  radius  and  the  ulna.  The  measurement  from  the 
acromion  to  the  external  condyle  is  ten  inches  on  both  sides. 
From  the   external   condyle   to   the   wrists   is   seven   inches   on 


Fig.  3. — Photograph  of  a  wax  cast  made  from  the  right  hand. 

both  sides.  Both  hips  are  completely  ankylosed,  the  right  at 
an  angle  of  about  110  degrees  with  the  trunk,  the  left  at  an 
angle  of  about  140  degrees.  Both  knees  are  completely  anky- 
losed, the  right  at  an  angle  of  130  degrees  and  the  left  at  an 
angle  of  1(30  degrees.  The  ankle  permits  of  approximately  25 
degrees  of  motion  in  the  direction  of  flexion  and  extension. 
There  is  no  lateral  motion.  In  the  left  ankle  the  flexion  and 
extension  are  limited  to  10  degrees.  The  toes  on  the  left  foot 
are  moderately  free.  In  the  toes  of  the  right  foot  motion  is 
extremely  limited.  The  right  wrist  admits  of  10  degrees  of 
flexion  and  extension.  The  left  wrist  is  completely  ankylosed 
in  a  slightly  flexed  position.  In  none  of  the  larger  joints  can 
any  bony  outgrowths  be  determined  by  palpation. 


The  most  interesting  features  in  the  case  are  presented  in 
the  fingers  and  hands.  The  fingers  have,  without  an  exception, 
become  greatly  shortened.  Since  this  shortening  is  due  appar- 
ently to  bony  change  in  which  the  soft  tissues  have  not  kept 
pace,  the  latter  are  thrown  into  folds,  giving  the  phalanges 
an  appearance  of  being  telescoped  into  each  other.  Associated 
with  this  shortening  of  the  fingers  there  is  relaxation  of  most 
of  the  joints,  so  that  the  hands  present,  especially  on  manipu- 
lation, a  most  grotesque  appearance.  Some  of  the  fingers  can 
be  extended  to  a  right  angle  with  the  metacarpal  bones,  so 
that  they  give  the  impression  of  being  nothing  more  than  tags 
of  soft  tissue.  The  right  hand  measures  from  the  wrist  to  the 
tip    of    the    middle    finger    four    and    one-half    inches;    from 


Fig.  4. — Photograph  of  a  wax  cast  made  from  the  left  band. 

the  wrist  to  the  distal  end  of  the  middle  metacarpal  bone 
two  and  three-quarter  inches.  The  right  hand  measures  from 
the  wrist  to  the  distal  end  of  the  middle  metacarpal  bone  two 
and  one-half  inches.  In  the  little  finger  of  the  right  hand 
there  is  almost  complete  ankylosis  at  the  second  phalangeal 
joint.  In  the  fourth  finger  there  is  partial  ankylosis  in  the 
first  phalangeal  joint.  In  the  index  finger  there  is  partial 
ankylosis  in  the  metacarpo-phalangeal  joint.  In  all  of  the 
other  joints  of  the  right  hand  there  is  more  than  the  normal 
amount  of  motion,  due  to  the  relaxation  spoken  of  above.  In 
the  left  hand  there  is  slight  limitation  of  motion  in  the  dis- 
tal joint  of  the  little  finger.  In  the  third  and  fourth  fingers 
there  is  considerable  limitation  of  motion  in  the  distal  joints. 
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and  in  the  thumb  there  is  almost  complete  ankylosis  at  the 
metacarpal  articulation.  In  all  the  other  joints  of  the  left 
hand  the  relaxation  is  marked. 

Urinalysis. — Clear,  amber,  slight  flocculent  sediment.  Sp. 
G.  1024.  No  albumin.  No  sugar.  A  small  amount  of  epi- 
thelium.    Some  W.  B.  C.'s.     Some  cylindroids. 

BZood.— Hemoglobin,  84;  R.  B.  C,  4,400,000;  leucocytes, 
10,560.  Differential  count:  Polymorphonuclear  neutropliiles, 
74  per  cent.;  eosinophiles,  1.8  per  cent.;  basophiles,  0.3  per 
cent.;  lymphocytes,  15.2  per  cent.;  large  mononuclear  leuco- 
cytes, 7.9  per  cent. 

The  accompanying  skiagraphs  made  by  Dr.  G.  E.  Pfahler, 
show  the  changes  in  size  and  form  of  the  bony  parts  respon- 
sible for  this  remarkable  clinical  picture  of  the  hands.  The 
soft  parts  show  the  folds  caused  by  the  accommodation  of  the 
flesh  to  the  changes  in  the  bony  parts.  The  joints,  inclusive 
of  the  wrist  joint,  are  all  obliterated.  The  distal  joints  of  the 
middle  and  ring  fingers  of  the  right  hand,  the  distal  joints  of 
the  middle,  ring  and  little  fingers  of  the  left  hand  and  the 
wrist  joint  are  obliterated  by  fibrous  or  bony  union,  the  re- 
maining joints  by  reason  of  the  absorption  of  bony  tissue. 
Luxations  are  frequent.  There  are  a  few  exostoses,  notably  at 
the  proximal  ends  of  the  phalanges  of  the  thumb  of  the  right 
hand  and  at  the  proximal  ends  of  the  proximal  phalanges  of 
the  ring  and  little  fingers  of  the  left  hand.  In  the  bones  the 
most  prominent  features  are  a  general  rarefaction  of  the 
phalanges,  apparently  a  result  of  lacunar  atrophy.  Many  of 
the  phalanges  are  atrophic  and  shortened  and,  as  it  were, 
pegged  at  one  end.  This  is  especially  noticeable  in  the  distal 
end  of  the  proximal  phalanx  of  the  thumb,  and  the  proximal 
ends  of  the  middle  phalanges  of  the  ring  and  middle  fingers 
of  the  right  hand,  and  in  the  distal  ends  of  the  proximal 
phalanges  of  the  middle,  ring  and  little  fingers  of  the  left 
hand.  The  most  profound  changes  are  where  entire  phalanges 
have  apparently  been  absorbed,  giving  radiographically  no  in- 
dication of  the  preservation  of  bony  tissue.  This  is  the  case 
with  the  middle  phalanx  of  the  little  finger  and  the  middle 
phalanx  of  the  index  finger  of  the  right  hand  and  the  proximal 
phalanx  of  the  thumb  and  the  middle  phalanx  of  the  index 
finger  of  the  left  hand.  That  the  same  process  of  absorption 
has  occurred  in  other  bones,  of  which,  unfortunately,  no  skia- 
graphs could  be  made,  there  can  be  little  doubt,  as  indicated 
by  the  measurements  of  the  extremities,  as  given  above,  and  by 
the  undoubted  decrease  in  height  of  the  woman  since  the  com- 
mencement of  the  disease. 

A  review  of  the  literature  presents  but  one  ease  bear- 
ing any  resemblance  to  the  one  here  reported.  In  that 
case  Watson^  presented  photographs  and  skiagraphs  of 
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the  hands  which  show  a  resemblance  to  my  case  that  is 
really  striking.  A  brief  summary  of  the  case  is  as  fol- 
lows: 

The  patient  was  a  man  47  years  of  age,  who  had  enjoyed  good 
health  until  he  was  39  years  old,  when  he  had  an  attack  of 
what  was  diagnosed  as  acute  articular  rheumatism.  Soon 
after  multiple  tumors  developed  over  the  entire  surface  of 
the  body.  These  were  described  by  Crocker  as  of  myeloid 
structure.  Later  these  tumors  gradually  disappeared  and  at 
the  end  of  two  years  the  patient  was  entirely  free  from  them. 
At  about  this  time  he  was  suddenly  seized  with  violent  pain 
in  the  shoulders  and  hips.  It  was  then  that  he  noted  the  fact 
that  his  hands  were  growing  smaller,  since  which  time  this 
process  has  been  steadily  progressing.  The  hands  now  show 
a  marked  atrophy  of  the  phalanges,  as  in  my  case,  and  the 
consequent  wrinkling  of  the  skin,  well  described  as  "tele- 
scoping." The  knees  are  almost  completely  fixed  in  a  semi- 
flexed position.  The  shape  of  the  joints  is  not  altered  and  there 
are  no  osteophytes.  No  other  joints  are  affected,  but  the  pa- 
tient thinks  that  there  has  been  some  shortening  of  the  face. 
The  only  other  noteworthy  feature  of  the  case  is  the  fact  that 
the  patient's  blood  contained  15  per  cent,  of  eosinophiles  in  a 
normal  leucocyte  count. 

The  case  reported  by  Schultze,'  although  scarcely  sim- 
ilar to  mine,  presents  some  features  suggestive  of  the 
same  type  of  case : 

The  patient  was  a  woman,  aged  39,  who,  when  she  was  27 
years  of  age,  first  showed  signs  of  a  spondylose  rhizomelique 
which  became  progressively  worse.  Associated  with  this  was 
an  atrophic  condition  of  the  bones,  especially  of  the  arms  and 
fingers.  The  circumference  of  the  wrist  joint  was  13  cm.  and 
the  width  of  the  hand,  exclusive  of  the  thumb,  7  cm.  The  pa- 
tient had  a  younger  brother  with  pseudohypertrophic  muscular 
atrophy,   also   showing   some   bony   atrophy. 

Without  more  exhaustive  details  it  is  imT>ossible  to 
assume  any  great  resemblance  between  this  case  and  the 
one  here  reported. 

In  practically  all  of  the  various  types  of  cases  in- 
cluded under  the  term  rheumatoid  arthritis,  two  patho- 
logic processes  are  at  work:  a  destructive  process  and  a 
proliferative  process.  In  one  type  of  cases  the  prolifera- 
tive changes  predominate,  resulting  in  fibrous  ankylosis, 
or,  if  this  fibrous  tissue  become  ossified,  a  true  bony  an- 
kylosis results,  arthritis  ankylopoetica  (Ziegler).  In  an- 
other type  the  destructive  and  proliferative  changes  oc- 
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cur  in  a  more  equal  distribution.  We  find  first  the  cen- 
tral portions  of  the  articular  cartilages  undergoing  de- 
generation, at  the  same  time  proliferation  occurring 
about  its  margins;  later  the  ends  of  the  bones  coming 
into  apposition  by  reason  of  the  degeneration  of  the  car- 
tilage, undergo  atrophy,  partly  from  pressure,  and  later 
the  opposed  surfaces  become  compact  and  eburnated. 
At  the  same  time  a  moderate  amount  of  lacunar  atrophy 
of  the  bone  usually  occurs.  In  this  association  of  de- 
structive and  proliferative  changes,  however,  no  such 
degree  of  atrophy  has  been  described  as  is  found  in  my 
case.  Moreover,  this  atrophy  has  occurred  in  many  of 
the  bones  practically  independent  of  proliferative 
changes.  This  extraordinary  degree  of  atrophy  suggests 
some  influence  other  than  those  due  to  the  local  joint 
disease  as  playing  some  part  in  the  process.  The  most 
rational  consideration  is  naturally  of  some  trophic  dis- 
turbance, either  primary  or  reflexly,  induced  by  the 
joint  disease.  The  determination  of  these  factors  must 
await  further  observation  of  similar  cases  and,  above  all, 
postmortem  findings. 
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ACUTE  INSUFFICIENCY  OF  THE  SUPRARENALS.* 

R.  S.  LAVEXSOX,  M.D. 

PHILADELPHIA. 

It  is  interesting  that  a  condition  looked  on  as  one  of  considerable 
importance  by  the  French  clinicians  is  accorded  but  the  most  indifferent 
consideration  by  those  of  other  countries.  Hemorrhage  of  the  adrenals 
has  been  generally  recognized  as  a  common  pathologic  finding  in  still- 
lx)rn  infants  or  those  dying  shorth*  after  birth,  and  the  literature  of 
Italy,  Germany  and  England  contains  occasional  references  to  hemor- 
rhage or  other  acute  destructive  lesions  of  the  adrenals  in  adults.  In 
none  of  the  countries  outside  of  France,  however,  has  acute  insufiRcieacy 
of  the  adrenals  become  a  factor  in  medical  diagnosis  in  advanced  life  as 
weU  as  in  infants.  It  might  be  suggested  that  this  state  of  affairs  is 
but  the  result  of  the  conservatism  of  the  American,  German,  English 
and  Italian  clinicians  contrasted  with  the  somewhat  more  unstable,  fanci- 
ful attitude  of  their  French  brethren.  That  a  symptom-complex  de- 
pendent on  acute  insufficiency  of  the  adrenals  does  occur,  however,  in  such 
a  striking  form  as  to  demand  clinical  recognition  is  well  exemplified  by 
the  case  which  I  have  to  bring  before  you. 

Patient. — A  woman,  admitted  to  the  University  Hospital,  where  in  the  ca- 
pacity of  clinical  assistant  to  Dr.  Stengel,  I  had  the  opportunity  of  obser\-ing 
her  during  her  illness  and  of  subsequently  performing  the  postmortem  examina- 
tion. She  was  a  widow,  44  years  of  age,  white,  and  a  native  of  Ireland.  The 
few  elements  of  her  family  history  that  were  obtainable  had  no  bearing  on  her 
present  condition.  Her  previous  history  revealed  the  fact  that  during  the  past 
seven  years  she  had  had  infrequent  attacks  of  asthma,  and  that  during  the  past 
two  years  she  had  been  subject  to  occasional  attacks  of  abdominal  pain  with 
vomiting.     During  the   past  two  years  she  had   lost   slightly   in  weight. 

History  of  lUtiess.— On  November  30,  shortly  after  eating  breakfast,  and 
while  in  comparatively  good  health,  the  patient  had  an  attack  of  vomiting,  with 
some  pain  in  the  epigastrium,  at  the  same  tinae  she  felt  weak  and  prostrated.  A 
half  hour  later  she  drank  a  glass  of  water,  when  she  again  vomited.  The  pain 
in  the  epigastrium  became  more  severe  and  the  attacks  of  vomiting  more  fre- 
quent. During  the  afternoon  there  were  frequent  attacks  of  vomiting,  and  toward 
the  evening  the  patient  became  slightly  delirious.  She  was  then  seen  by  Dr.  H. 
Kennedy  Hill,  who  immediately  sent  her  to -the  University  Hospital.  Chi  admis- 
sion to  the  hospital,  temperature  was  95,  respiration  48,  and  no  pulse  could  be 
felt.  Vomiting  had  ceased  by  this  time.  The  patient  complained  of  pain  in  the 
epigastrium,  and  there  was  tenderness  in  this  region  and  in  the  loins.  The 
predominating  symptoms  were  those  of  shock;   the  patient  was  extremely  apa- 
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thetic;  her  extremities  vere  cold,  the  skin  leaky  and  ahsolutely  no  radial  pulse 
could  be  felt.  During  the  earlier  part  of  the  next  day  the  breathing  became  of 
tne  Cheyne-Stokes  type. 

Physical  Examination. — ^The  lungs  were  slightly  emphysematous,  and  on  res- 
piration numerous  dry  rales  could  be  heard.  The  upper  border  of  the  heart  was 
on  a  level  with  the  fourth  rib;  the  right  border  at  the  right  border  of  the 
sternum;  the  left  border  about  a  quarter  of  an  inch  outside  of  the  left  mid- 
clavicular line;  the  apex-beat  was  in  the  fifth  interspace  in  the  midclavicular; 
the  cardiac  sounds  were  weak  and  somewhat  obscured  by  the  respiratory  rales; 
no  murmurs  could  be  detected.  The  ■•  nderness  in  the  epigastrium  and  in  the 
loins  persisted.  There  was  slight  r  idity  of  the  abdominal  wall,  but  no  dis- 
tention.    The  extremities  were  cold  and  slightly  cyanosed. 

Urinalysis. — Straw  coiored;  slight  brownish  sediment;  acid;  specific  gravity, 
1002;  1.0  sugar  or  albumin;  a  small  amount  of  mucus;  a  few  leucocytes. 

Blood  Examination. — Hemoglobin,  61  per  cent.;  erythrocytes,  4,930,000;  leuco- 
cytes, 62,800. 

Clinical  Course. — With  vigorous  stimulation  during  the  day  after  admission, 
the  patient  reacted  slightly,  her  temperature  becoming  100  at  noon  on  the  day 
following  admission.  This  reaction  lasted  for  but  a  short  time,  the  patient 
dying  at  8  o'clock  in  the  evening  following  her  admission,  or  about  thirty-six 
hours  after  the  onset  of  the  illness.  Respiration  had  remained  in  the  neighbor- 
hood of  48;  the  radial  pulse  had  at  no  time  become  palpable.  As  counted  by 
auscultation,  the  heart  beat  from  120  to  140  times  per  minute. 

It  is  almost  needless  to  emphasize  how  impressive  a  clinical  picture 
the  patient  presented — the  suddenness  of  onset,  the  vomiting,  the  epi- 
gastric pain,  the  lumbar  tenderness,  and,  above  all,  the  profound  shock 
formed  a  most  striking  group  of  symptoms.  In  the  light  of  our  knowl- 
edge at  the  time,  it  resembled  most  acute  hemorrhagic  pancreatitis, 
though  the  shock  was  more  profound  and  the  vomiting  and  epigastric 
tenderness  less  marked  than  would  have  been  expected  in  this  condition. 

The  autopsy  revealed  the  interesting  and  unexpected  nature  of  the 

affection.    The  following  brief  notes  are  abstracted : 

Pathologic  Report. — The  lungs  showed,  macroscopically  and  microscopically,  a 
moderate  degree  of  emphysema  with  slight  hypostatic  congestion.  The  heart  was 
of  normal  size;  both  ventricles  were  relaxed;  the  cavities  and  walls  were  of 
normal  proportions;  the  valves  were  soft  and  competent;  the  coronary  arteries 
were  slightly  sclerotic;  the  muscle  was  somewhat  grayer  than  normal.  Micro- 
scopically, the  heart  muscle  presented  the  picture  of  a  slight,  chronic  fibrous 
myocarditis.  The  peritoneum  was  smooth  and  glistening.  The  uterus  and  ap- 
pendages, aside  from  slight  atrophy,  presented  no  pathologic  features.  The  kid- 
neys were  of  normal  size;  their  consistency  considerably  increased;  the  capsule 
strippc^  with  some  difficulty,  but  did  not  tear  the  kidney  substance;  the  surface 
was  slightly  granular  and  showed  a  number  of  dark-based  depressions  and  a  few 
small  cyst,;  containing  clear  fluid.  The  microscopic  features  were  characteristic  of 
an  arteriosclerotic,  chronic  interstitial  nephritis  of  moderate  degree.  The  stomach 
showed  itself  to  be  the  seat  of  a  chronic  catarrhal  gastritis.  The  intestines  were 
without  noteworthy  characteristics,  except  for  considerable  venous  congestion.  The 
spleen  was  slightly  enlarged  and  softer  than  normal.  The  liver  was  of  normal 
size,  its  consistency  slightly  reduced;  the  organ  was  paler  than  normal,  its 
structure  somewhat  obscured.  The  microscopic  examination  revealed  fatty  de- 
generation with  early  periportal  fibrosis.     The  bile  ducts  were  patulous;   there 


were  no  gallstones.  The  pancreas  was  of  normal  size,  the  consistency  increased, 
the  structure  somewhat  obscured;  on  squeezing  the  organ,  a  few  droplets  of 
turbid,  yellowish  fluid  were  expressed  from  the  smaller  ducts;  several  pinbead- 
sized  areas  of  fat  necrosis  were  found  in  the  peri- pancreatic  fat.  Microscopic- 
ally, a  distinct  interlobular  and  intralobular  fibrosis  was  seen,  with  some  atrophy 
of  the  secreting  cells;  there  was  no  necrosis;  in  the  interlobular  tissue,  especially 
in  the  neighborhood  of  the  ducts,  there  was  a  diffuse,  polynuclear  leucocytic 
infiltration  of  moderate  degree.  Both  suprarenals  were  enlarged  and  soft,  and 
presented  on  section  a  dark-red,  homogeneous  appearance;  both  suprarenal  veins 
were  thrombosed.  Microscopically,  there  was  almost  complete  destruction  of  the 
gland  substance;  with  the  exception  of  small,  scatttered  islands,  the  parenchyma 
of  the  cortex  stained  a  homogeneous  pink  with  hematoxylin  and  eosin.  Nuclei 
of  the  connective  tissue  cells  of  the  stroma  were  preserved  here  and  there,  but 
scarcely  any  epithelial  nuclei  were  visible.  Scattered  throughout  this  necrotic 
tissue  were  hemorrhagic  extravasations  of  various  size.  There  was  considerable 
hemorrhage  into  the  medulla,  but  less  cellular  and  nuclear  destruction  than  in  the 
cortex.  \^ultures  from  the  pancreas  showed  staphylococci,  colon  bacilli,  and  a 
non- identified  Gram-positive  bacillus.  Cultures  from  the  suprarenals  were  neg- 
ative. 

Pathologic  Diagnosis. — Emphysema  and  hypostatic  congestion  of  the  lungs; 
chronic  fibrous  myocarditis,  chronic  interstitial  nephritis;  chronic  catarrhal  gas- 
tritis; acute  splenic  tumor;  fatty  degeneration  of  the  liver,  with  beginning 
periportal  cirrhosis;  chronic  pancreatitis,  wit^  acute  interlobular  suppurative 
pancreatitis;  thrombosis  of  the  suprarenal  veins  and  acute  hemorrhagic  necrosis 
of  the  suprarenals. 

My  interpretation  of  these  pathologic  findings  in  their  relation  to  the 
clinical  phenomena  is  that  the  woman  had  a  chronic  pancreatitis  of 
probably  some  years  duration.  Eecently  an  acute  suppurative  inflam- 
mation was  engrafted  on  this,  the  suprarenal  veins  became  thrombosed 
as  a  result  of  this  neighboring  inflammation,  and  the  hemorrhagic 
necrosis  of  the  suprarenals  resulted.  The  remaining  pathologic  features 
were  for  the  most  part  the  result  of  the  existing  arteriosclerosis. 

Almost  the  only  two  conditions  characterized  by  insufiiciency  of  the 
suprarenals  are  hemorrhage  and  so-called  adrenalitis.  These  t^v•o  can  be 
neither  clinically  or  pathologically  well  differentiated  in  most  cases. 
Adrenalitis  is  in  the  vast  majority  of  cases  not  a  true  inflammation,  as 
the  term  would  imply,  but  a  necrotic  process,  vnth  which  more  or  less 
hemorrhagic  extravasation  is  always  associated.  When  both-  necrosis 
and  hemorrhage  are  present  the  two  are  generally  the  common  results 
of  the  same  condition,  a  vascular  thrombosis.  On  the  other  hand,  a 
number  of  the  cases  do  present  the  clinical  and  pathologic  features  char- 
acteristic of  simple  hemorrhage.  Many  of  these  cases,  by  reason  of  the 
suddenness  of  the  insult  and  the  frankness  of  the  hemorrhage,  are  appro- 
priately termed  adrenal  apoplexies.  The  relation  of  suprarenal  hemor- 
rhage to  acute  hemorrhagic  adrenalitis  may  be  perhaps  better  imderstood 
by  calling  attention  to  the  analogy  that  at  least  pathologically  exists 


between  them  and  pancreatic  hemorrhage  and  acute  hemorrhagic  pan- 
creatitis. 

I  have  been  able  to  find  but  two  eases  in  which  insufficiency  of  the 
adrenals  was  dependent  on  other  pathologic  lesions  than  hemorrhage  or 
necrosis.  One  is  the  case  of  Janowski/  in  which  the  two  adrenals  formed 
small  abscesses  above  the  two  kidneys.  The  other  is  the  case  of  Sturs- 
berg,^  in  which  suppuration  was  found  in  both  suprarenals  of  a  woman 
suffering  from  Pott's  disease.  It  is  not  improbable  that  the  glands  in 
this  case  were  tuberculous. 

Confining  our  attention  then  to  necrosis  and  hemorrhage,  let  us  deter- 
mine what  the  factors  are  bearing  on  these  two  conditions.  The  extra- 
ordinarily rich  vascularization  of  the  organs  naturally  impresses  itself  as 
standing  in  some  relation  to  the  frequency  of  hemorrhage.  The  gland 
receives  its  blood  supply  from  three  sources,  the  aorta,  the  renal  artery, 
and  the  arteries  of  the  diaphragm.  The  arterioles  and  the  capillaries 
from  these  sources  form  a  dense  network  about  the  cells  of  the  cortex, 
and  the  capillaries  and  venules  finally  unite  in  the  inner  cortical  layers 
and  medulla  to  form  a  single  vein,  which  emerges  at  the  hilus  of  the 
organ.  The  facts  that  such  a  large  amount  of  blood  unites  to  enter  one 
vessel  in  the  medulla,  and  that  extensive  hemorrhages  usually  seem  to 
occur  into  the  medulla,  suggest  that  simple  alterations  in  the  blood 
supply  or  blood  pressure  of  the  organ  may  be  the  determining  factors  in 
the  production  of  the  hemorrhage.  This  hypothesis  has  been  put  forth 
as  especially  applicable  to  hemorrhage  of  the  adrenals  so  frequently 
found  in  the  new-born.  The  great  increase  in  intra-abdominal  pressure 
in  the  child,  incident  to  the  uterine  contractions,  and  especially  the  pres- 
sure of  the  liver  on  the  vena  cava  just  above  the  suprarenals,  have  both 
been  thought  to  be  the  direct  cause  of  increasing  the  adrenal  blood  pres- 
sure sufficiently  to  induce  hemorrhage.  This  view  receives  some  support 
from  the  fact  that  when  hemorrhage  has  occurred  into  only  one  of  the 
suprarenals,  it  has  been  more  frequently  on  the  right  than  on  the  left 
(according  to  Hamill,^  fifteen  times  in  twenty-four  cases),  and  the  right 
vein  enters  the  vena  cava  directly,  while  the  left  enters  it  through  the 
renal  vein.  These  relations  would  naturally  subject  the  vessels  of  the 
right  gland  to  greater  pressure  than  the  left  in  the  presence  of  any  cause 
obstructing  the  return  of  venous  blood. 

Chronic  heart  disease  associated  with  passive  congestion  has  been 
observed  in  a  number  of  cases,  and  has  thus  been  looked  on  as  a  causal 
factor. 
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Similarly,  chronic  pulmonary  disease  has  been  not  infrequently  found 
in  these  cases,  and  it  is  possible  that  the  chronic  passive  congestion  result- 
ing therefrom  has  been  an  active  factor  in  the  production  of  hemorrhage. 

A  certain  number  of  cases  have  been  observed  in  which  death  has 
resulted  after  the  occurrence  of  phenomena  tending  to  a  great  increase 
in  blood  pressure,  and  in  which,  at  autopsy,  hemorrhage  of  the  supra- 
renals  was  found.  A  striking  example  of  this  is  a  case  reported  by 
Ogle*  of  an  epileptic  dying  after  two  weeks  of  almost  continuous  con- 
vulsions. At  the  autopsy  hemorrhage  into  both  suprarenals  was  dis- 
covered. I  believe  that  it  is  not  improbable  that  in  some  of  the  cases 
said  to  have  manifested  themselves  clinically  by  convulsions  these  were 
the  cause  rather  than  the  result  of  the  hemorrhage,  induced  by  the  great 
increase  in  blood  pressure  incident  to  the  convulsions,  Duckworth'  refers 
to  a  case  in  which  the  paroxysms  of  coughing  in  a  child  with  pertussis 
apparently  induced  hemorrhages  into  both  adrenals. 

The  great  tendency  to  hemorrhage  throughout  the  body  in  asphyxia, 
in  all  probability  as  the  result  of  venous  engorgement,  has  caused  it  to 
be  looked  on  as  one  of  the  possible  factors  in  the  production  of  supra- 
renal hemorrhages,  especially  in  the  new-born.  A  factor  emphasized  by 
Spencer^  as  responsible  for  the  greater  frequency  of  suprarenal  hemor- 
rhages in  infancy  is  the  normal  delicacy  of  the  blood-vessel  walls  in  this 
period  of  life. 

Thus  far  we  have  dealt  with  only  passive  congestions.  It  has  been 
asserted  that  active  congestion  also  plays  a  role  in  the  production  of 
adrenal  hemorrhage.  One  of  the  functions  attributed  to  the  suprarenal 
capsule  is  that  of  neutralizing  toxins,  and  it  is  said  that  the  functional 
activity  of  the  gland  in  the  presence  of  a  toxic  agent  in  the  body  so 
increases  its  blood  supply  as  to  lead  to  hemorrhage. 

It  is  doubtful,  however,  if  it  is  alone  by  increasing  the  blood  supply 
to  the  gland  that  infections  and  intoxications  act  in  inducing  insuf- 
ficiency of  the  suprarenals.  In  a  number  of  cases  organisms  have  been 
isolated  directly  from  the  adrenal  glands,  the  seat  of  hemorrhage  and 
necrosis.  Klebs  and  Eppinger^  isolated  an  organism  in  several  cases  of 
suprarenal  hemorrhage  in  the  new-bom,  which  they  called  Mona  hemor- 
rhagica.   Gaertner*  isolated  a  bacillus  resembling  the  colon  bacillus,  and 
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Riesman''  the  Staphylococcus  alhus  and  aureus  from  four  out  of  six  cases 
occurring  within  a  short  space  of  time. 

Experimentally,  hemorrhage  and  acute  destructive  lesions  of  the 
glands  have  been  produced  by  Eoux  and  Yersin^"  by  inoculating  rabbits 
and  guinea-pigs  with  diphtheria  bacilli;  by  Charrin  and  Langlois^^  with 
the  Bacillus  pyocyaneus;  and  by  Roger^^  with  the  bacillus  of  Fried- 
lander,  Pettit/^  Pilliet^*  and  Wibaud^°  have  confirmed  these  results. 
Oppenheim  and  Loeper^^  have  produced  similar  results  by  injecting  the 
toxins  of  Friedlander's  bacillus,  of  the  diphtheria  bacillus  and  the 
tetanus  bacillus,  as  well  as  by  arsenic,  phosphorus  and  mercury.  Prac- 
tically the  same  results  were  obtained  by  Bernard  and  Bigart^^  in  inject- 
ing various  metallic  poisons. 

Adrenal  hemorrhage  associated  with  a  general  purpuric  eruption  can 
be  looked  on  only  as  a  visceral  manifestation  of  a  general  hemorrhage 
tendency.  As  the  purpuras  of  childhood  are  practically  always  infec- 
tious, the  functional  activity  of  the  gland  as  the  result  of  the  infection, 
according  to  the  above-mentioned  hypothesis,  probably  increases  its  pre- 
disposition as  a  seat  of  hemorrhage. 

Trauma  does  not  seem  to  play  a  very  important  role  in  the  production 
of  acute  destructive  suprarenal  lesions.  In  but  two  cases,  those  of  Can- 
ton^® and  Mattei,^^  does  trauma  seem  to  have  been  the  cause  of  the 
adrenal  hemorrhage  found  subsequently  at  autopsy.  The  secluded,  well- 
protected  position  of  the  adrenals  is  probably  the  cause  of  its  being  so 
infrequently  affected  by  trauma. 

In  the  cases  of  Amaud,^*'  Churton^^  and  Dudgeon^^  adrenal  hemor- 
rhage was  apparently  induced  by  severe  surface  burns.  In  Dudgeon's 
and  Arnaud's  cases  there  were  symptoms  of  adrenal  insufficiency  before 
death.    This  association  suggests  that  which  exists  between  surface  bums 


9.  Riesman,  quoted  by  Hamill:  Arch.  Pediat.,  1901,  xviii,  161. 

10.  Roux  and  Yersin:     Ann.  de  I'Inst.  Pasteur,  1889. 

11.  Charrin  and  Langlois:     Compt.  rend.  Soc.  biol.,  1896,  Series  10,  iii. 

12.  Roger:     Presse  mgd.,  1894,  i,  35. 

13.  Pettit:     Th§se  de  Paris,  1896. 

14.  Pilliet:     Arch,  de  physiol.  norm,  et  path..  Series  5,  F.  7. 

15.  Wibaud:     Etude  des  capsules  surrfinales  dans  les  maladies  infectieuses  ex- 
p§rimentales,  Brussels,  1897. 

16.  Oppenheim  and  Loeper:     Arch,  de  m6d.  exp6r.,  1901,  xiii,  332. 

17.  Bernard  and  Bigart:     Jour,  de  physiol.  et  de  path.  g6n.,  1902,  iv,  1014. 

18.  Canton:     Tr.  Path.  Soc.  Lond.,  1863,  xiv,  257. 

19.  Mattei:     (Case  2)  Sperimentale,  1883,  li,  386. 

20.  Arnaud:     (Case  1)  Arch.  g6n.  de  m§d.,  1900,  clxxxvi. 

21.  Churton:     Lancet,  London,  1886,  i,  245. 

22.  Dudgeon:      (Case  2)  Am.  Jour.  Med.  Sc,  1904,  cxxvii,  134. 


and  duodenal  ulcer.  Whether  the  adrenal  lesion  results  from  internal 
congestion,  toxic  products  or  embolism  is  quite  as  much  open  to  question 
as  the  pathogenesis  of  duodenal  ulcer. 

Suppurative  inflammations  of  adjacent  organs  has  apparently  been 
the  cause  of  necrosis  and  hemorrhage  of  the  suprarenals,  with  the  clin- 
ical signs  of  insufficiency  in  three  cases — my  own  and  two  of  Amaud's.*' 
In  one  of  Arnaud's  cases  the  neighboring  lesion  was  an  abscess  of  the 
liver,  in  the  other  a  suppurating  hydatid  cyst  of  the  liver.  In  all  three 
cases  thrombosis  of  the  adrenal  veins  was  apparently  the  immediate  cause 
of  the  changes  in  the  glands.  It  is  possible  that  pneumonia  acts  in  the 
same  way  in  producing  acute  insufficiency  of  the  adrenals  as  to  these 
lesions  of  neighboring  abdominal  viscera. 

The  appearance  of  the  gland  varies  with  the  nature  and  extent  of  the 
lesion.  Simple  hemorrhages  usually  occur  into  the  medulla  of  the  organ. 
If  of  small  size  the  hemorrhage  merely  distends  the  cortex  slightly,  pro- 
ducing but  little  destruction  of  its  cellular  elements.  If  of  larger  size 
it  may  so  distend  the  organ  that  the  cortex  forms  but  a  thin  shell  enclos- 
ing a  large  blood  cyst.  Rayer^*  records  a  case  in  which  hemorrhage  into 
a  suprarenal  gland  resulted  in  a  blood  cyst  weighing  two  kilos.  Carring- 
ton^'  reports  a  case  in  which  the  suprarenals  were  transformed  into  cysts 
the  size  of  large  oranges,  and  in  Eoutier's-'  case  1,600  cubic  centimeters 
of  a  blackish-brown  fluid  were  evacuated  from  a  suprarenal,  the  seat  of 
hemorrhage.  At  times  the  capsule  of  the  gland  ruptures,  permitting  the 
escape  of  blood  either  into  the  surrounding  retroperitoneal  tissues  or 
into  the  peritoneal  cavity  itself. 

When  hemorrhages  are  multiple  and  small  they  are  usually  found  in 
the  cortex  rather  than  in  the  medulla.  In  such  cases  more  or  less  necrosis 
of  the  epithelial  elements  of  the  cortex  is  usually  present.  The  necrosis 
and  hemorrhage  may  be  the  common  result  of  the  same  cause,  thrombosis, 
or  the  necrosis  may  be  either  the  cause  or  the  result  of  the  hemorrhage. 
Judging  from  the  pathologic  features  of  my  case,  venous  thrombosis  re- 
sults in  extensive  necrosis  with  but  slight  hemorrhage.  In  such  cases 
the  gland  presents  macroscopically  a  homogeneous,  reddish-brown  appear- 
ance and  a  microscopic  picture  similar  to  that  described  in  the  above 
pathologic  notes  of  my  case. 

The  fact  that  the  lesions  are  at  times  limited  more  or  less  to  either 
cortex  or  medulla  has  led  to  an  attempt  to  classify  the  symptomatology 


23.  Amaud:     (Cases  2  and  3)  Arch.  gen.  de  m6d.,  1900,  clirxvi,  5. 

24.  Rayer:     (Case  1)  Journal  de  rexpCrience,  1837. 

25.  Carrington:  Tr.  Path.  Soc.,  London,  1885,  xrxvi,  454. 

26.  Rouiier:     Bull.  Soc.  d'anat.  de  Paris,  1895,  73. 
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according  to  the  involvement  of  one  or  the  other  of  these  parts.  Experi- 
mental evidence  indicates  that  the  functions  of  the  cortex  and  medulla 
are  different.  The  medulla  seems  to  supply  the  elements  having  to  do 
especially  with  the  preservation  of  vascular  tone,  while  the  function  of 
the  cortex,  aside  probably  from  acting  to  an  extent  in  a  compensatory 
way  for  the  medulla,  appears  to  be  the  furnishing  of  an  antitoxic  agent 
to  the  body.  In  the  majority  of  the  cases  of  sudden  death  in  adrenal 
insufficiency  the  hemorrhage  does  seem  to  have  occurred  into  the  medulla, 
but  we  are  hardly  justified  in  deducing  from  this  fact  the  conclusion  that 
this  result  attends  destruction  of  only  this  portion  of  the  gland.  The 
functions  of  the  adrenals  are  as  yet  too  little  understood  and  the  limita- 
tions of  the  pathologic  lesions  involving  them  too  poorly  defined  to 
warrant  mora  than  the  statement  that  insults  to  the  glands,  regardless 
of  their  location  or  extent,  may  call  forth  certain  profound  symptoms 
such  as  will  be  described  in  the  clinical  discussion. 

A  study  of  the  literature  reveals  a  number  of  apparently  incongruous 
relations  requiring  discussion.  ISTumerous  cases  have  been  observed  pre- 
senting the  symptoms  of  acute  suprarenal  insufficiency  in  which  only 
one  of  the  glands  was  involved,  the  other  being  apparently  normal.  "V\Tiy 
the  compensatory  action  of  the  normal  gland  should  not  be  capable  of 
abolishing  these  symptoms  is  beyond  the  limitations  of  our  pathologic 
knowledge  to  say.  It  is  not  improbable  that  our  means  of  study  are  in- 
capable of  discovering  lesions  which,  without  destroying  the  morphologic 
integrity  of  the  apparently  normal  organ,  yet  seriously  interfere  with  its 
functions.  A  number  of  cases  (those  of  Addison,^'^  Goolden,^®  Carring- 
ton,^^  Greenhow,^''  and  Mattel^")  have  been  reported  in  which  the  symp- 
toms of  Addison's  disease  were  presented  and  in  which  at  autopsy  acute 
adrenal  lesions  were  found.  In  all  of  them  the  diagnosis  of  Addison's 
disease,  as  judged  by  the  reported  symptoms,  is  open  to  doubt,  but  even 
were  it  authentic  it  is  rational  to  consider  that  a  chronic  degenerative 
process  would  only  predispose  the  gland  to  hemorrhage  or  other  acute 
process  which  by  its  prominence  could  obscure  the  recognition  of  the 
chronic  changes.  An  interesting  group  of  cases  is  that  in  which  the 
signs  of  acute  suprarenal  insufficiency  occur,  followed  shortly  by  death, 
and  at  autopsy  the  destructive  lesions  of  a  chronic  process  are  found  in 
the  suprarenals. 


27.  Addison:     On  the  Constitutional  and  Local  Effects  of  Disease  of  the  Supra- 
renal Bodies  (Case  10),  London,  1855. 

28.  Goolden:     Lancet,  London,  1857,  ii,  266. 

29.  Greenhow:     Lancet,  London,  1877,  i,  349.  .  r 

30.  Mattel:      (Case  3)   Sperimentale,  1883,  li,  386. 
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In  regard  to  such  cases  it  must  be  emphasized  that  the  degree  of 
tissue  destruction  is  not  always  a  measure  of  functional  incapacity,  and 
it  is  very  possible  that  only  when  the  destructive  process  has  reached  a 
certain  degree,  or  involved  certain  elements,  does  it  manifest  itself  clin- 
ically. 

Since,  as  above  stated,  hemorrhage  of  the  suprarenals  and  acute 
hemorrhagic  adrenalitis  can  not  be  strictly  differentiated  either  clinically 
or  pathologically  in  the  majority  of  cases,  I  shall  not  employ  these  two 
conditions  as  a  basis  for  classification.  The  S}Tnptoms  presented  result 
from  interference  with  the  function  of  the  adrenals,  regardless  of  the 
agent  inducing  it.  Even  on  the  basis  of  the  clinical  phenomena  I  hesi- 
tate to  attempt  a  classification  for  fear  of  confusing  the  reader  in  a 
maze  of  artificial  grouping,  for  few  of  the  cases  conform  to  one  type 
entirely  distinct  from  the  others.  However,  on  the  basis  of  the  prepon- 
derance of  one  or  another  group  of  symptoms,  I  think  that  the  following 
classification  will  serve  as  a  basis  for  clinical  consideration. 

1.  Cases  of  sudden  onset  with  epigastric  pain  and  tenderness,  vomit- 
ing, profound  prostration,  feebleness  and  rapidity  of  pulse,  coldness  of 
extremities,  lumbar  tenderness,  and  at  times  diarrhea,  and  abdominal 
distention,  followed  within  a  few  days  by  death.  This  is  the  symptom- 
complex  that  at  times  is  called  the  peritoneal  type  of  acute  insufficiency 
of  the  adrenals,  of  which  my  case  is  a  striking  example.  The  literature 
of  tlie  subject  contains  a  number  of  similar  instances,  among  the  most 
impressive  of  which  are  those  of  Stursberg,^  Pritchard,^^  Mattei,^^ 
Amaud,''  Janowski^  and  Sotti.'*  The  occurrence  of  the  same  group 
of  s^Tnptoms  in  children  is  well  exemplified  by  such  cases  as  those  of 
Batten,^^  Dudgeon,--  and  the  two  cases  of  Talbot.^*  There  is  a  striking 
resemblance  between  the  cases  of  this  type  and  many  cases  of  acute 
hemorrhagic  pancreatitis.  Judging  from  the  one  case  that  I  have  ob- 
served, the  shock  is  more  profound,  the  lumbar  tenderness  more  acute, 
and  the  epigastric  pain  and  vomiting  less  pronounced  in  adrenalitis  than 
is  usually  the  case  in  acute  hemorrhagic  pancreatitis. 

2.  The  asthenic  type,  in  which  the  predominant  feature  is  a  pro- 
found asthenia  ending  within  a  few  days  in  death.     Instances  of  this 


31.  Pritchard:     Lancet,  London,  1890,  i,  750. 

32.  Mattei:     Sperimentale,  1863,  ii,  3. 

33.  Arnaud:      (Case  1)   Arch.  g6n.  de  m6d.,  1900,  clxxxvi,  5. 

34.  Sotti:     Policlinico,  1908,  xv;  Sem.  m6d.,  1. 

35.  Batten:     Tr.  Path.  See.,  London,  1893,  xliv. 

36.  Talbot:     St.  Barth.  Hosp.  Rep.,  1900,  xxxvi,  207. 
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type  have  been  reported  by  Greenhow,^^  Murray/^  Sicard'*  and  Voisin 
and  Norero/®  all  occurring  in  adults.  In  Sicard's  case  the  asthenia  was 
so  pronouncfed  as  to  give  the  case  the  appearance  of  an  acute  bulbo-spinal 
myasthenia.  Interesting  cases  resembling  those  included  in  this  group, 
except  for  their  duration,  are  those  reported  by  Marchand,*'*  and  Bernard 
and  Heitz.*^  In  Marchand's  case  the  duration  was  three  months,  in 
Bernard  and  Heitz's  case  five  months.  In  both  of  them  there  was  an 
extreme  degree  of  asthenia,  and  at  autopsy  simple  atrophy  of  the  ad- 
renals was  found  in  both  cases.  Bernard  and  Heitz  employ  their  case 
to  justify  them  in  originating  a  condition  which  they  term  subacute  in- 
sufficiency of  the  suprarenals. 

3.  The  nervous  type,  in  which  the  predominant  symptoms  have  been 
either  convulsions,  as  in  the  cases  of  Portal,*^  Valleix,*^  Parrot**  and 
Droubaix;*''  or  coma,  as  in  the  cases  of  Arnaud,*"  and  Laignel-Lavas- 
tine;*^  or  delirium,  as  in  the  cases  of  Mattel*^  and  Eibadeau-Dumas  and 
Bing;*®  or  a  typhoid  state,  as  in  the  cases  of  Virchow^'*  and  Kohler.^^ 
These  varied  symptoms  have  been  noted  in  children,  as  well  as  in  adults. 
In  some  of  the  cases  in  which  convulsions  have  been  a  predominant  fea- 
ture I  think  it  not  improbable,  as  mentioned  above,  that  they  were  the 
cause  rather  than  the  result  of  the  injury  to  the  adrenals. 

4.  Cases  of  sudden  death.  In  this  group  I  include  the  cases  of  sudden 
death  in  which  at  autopsy  nothing  except  a  destructive  lesion  of  the 
adrenals,  usually  hemorrhage,  has  been  found.  It  may  be  thought  pre- 
sumptuous in  such  cases  to  conclude  that  the  sudden  death  was  due  to 
the  adrenal  lesion,  but  realizing  from  experimental  evidence  and  from 
the  clinical  evidence  of  the  more  protracted  cases  how  profound  an  influ- 
ence destruction  or  injurj'^  of  the  suprarenals  has  on  life,  I  think  that  it 


37.  Murray:     Tr.  Path.  Soc,  London,  1870,  xxi,  395. 

38.  Sicard:     Bull.  Soc.  m6d.  d'h6p.  de  Paris,  1904,  xxi,  848. 

39.  Voisin  and  Norero:     Bull.  Soc.  d'anat.  de  Paris,  1906,  Ixxxi,  320. 

40.  Marchand:     Deutsch  med.  Wchnschr.,  1903,  xxix. 

41.  Bernard  and  Heitz:     Tribune  m§d.,  1904,  New  Series  ii,  325. 

42.  Portal,  quoted  by  Lieutaud:     Historia  anatomica,  1769,  i,  285. 

43.  Valleix:     Clinique  des  maladies  des  enfants  nouveau-n6s    (Case  22),  Paris, 

1838 

44.  Parrot:      (Cases  10  and  11)  Arch.  g6n.  de  mgd.,  1872,  xix,  257. 

45.  Droubaix:     These  de  Paris   (Case  1),  1887. 

46.  Arnaud:      (Case  4)  Arch.  g6n.  de  m6d.,  1900,  clxxxvi,  5. 

47.  Laignel-Lavastine:     Bull.  Soc.  anat.  de  Paris,  1902,  Ixxvii. 

48.  Mattel:      (Case  1)   Sperimentale,  1883,  li,  386. 

49.  Ribadeau-Dumas   and  Bing:       (Case  2)    Bull.    Soc.   anat.   de  Paris,    1904, 

Ixxix   477. 

50.'virchow,  quoted  by  Lancereaux:     Diet,  encycl.  d,  sc,  m6d.,  1875,  iii,  155. 
51.  Kohler:     Diet,  encycl.  d.  sc.  m6d.,  1875,  iii,  155. 
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is  a  Justifiable  inference.  This  I  believe  to  be  true  of  still-bom  infanta 
in  whom  this  lesion  is  found,  as  well  as  in  cases  of  advanced  life.  In- 
stances of  this  type  have  been  reported  by  Eayer'^'  and  Goodhart,"  and 
HamilP  has  collected  the  cases  occurring  in  still-bom  infants  and  chil- 
dren reported  up  to  the  year  1900. 

5.  Cases  occurring  in  association  with  a  purpuric  eruption  or  hemor- 
rhages into  the  abdominal  viscera.  Numerous  cases  of  this  type  occur- 
ring in  children  are  reported  in  the  literature.  I  have  been  able  to  find 
none  occurring  in  adults.  Undoubtedly  the  hemorrhage  into  the  supra- 
renals  in  these  cases  is  but  a  manifestation  of  the  general  hemorrhage 
tendency  as  a  result  either  of  infection,  or,  in  some  cases,  possibly  of 
asphyxia.  The  English  clinicians  have  been  inclined  to  look  on  these 
cases  as  possible  instances  of  hemorrhagic  smallpox,  especially  by  reason 
of  the  fact  that  many  of  the  affected  children  have  been  unvaccinated. 
As  there  is  little  else  than  this  one  fact  in  support  of  their  view,  I  think 
it  can  not  be  looked  on  as  a  probable  one. 

Though  the  majority  of  cases  permit  themselves  to  be  classified  in 
one  or  another  of  the  above  groups,  many  are  characterized  by  s}Tnptoms 
common  to  more  than  one  group.  The  cases  in  which  purpura  is  a  prom- 
inent feature  may  present  symptoms  characteristic  of  the  peritoneal  or 
nervous  type,  and  cases  of  the  asthenic  or  nervous  type  may  in  addition 
present  some  symptoms  belonging  to  the  peritoneal  type.  Of  all  the 
symptoms  the  most  constant  and  one  of  the  most  characteristic  is  a 
greater  or  less  degree  of  asthenia.  The  occasional  occurrence  of  two  other 
symptoms  is  worthy  of  mention.  They  are  tumor  and  the  ligne  blanche 
of  Sergent."**  A  tumor,  the  result  of  suprarenal  hemorrhage,  is  men- 
tioned as  having  been  determined  during  life  in  three  instances.  In  one 
of  Bayer's-*  cases  it  involved  the  right  suprarenal  and  presented  itself 
in  the  epigastrium.  In  Eoutier's^^  case  a  hemorrhage  into  the  left  supra- 
renal formed  a  palpable  tumor  in  the  left  hypochondrium.  In  Leconte's 
case  there  was  a  fluctuating  tumor  on  each  side  of  the  mid-line  extend- 
ing from  the  hypochondrium  to  the  iliac  fossa.  The  ligne  blanche,  or 
white  lines  produced  by  stroking  the  skin  with  the  finger,  are  looked  on 
by  Sergent  as  being  of  great  diagnostic  value  in  suprarenal  insuflBcienc)'. 
They  result  from  the  temporary  constriction  of  the  relaxed  vessels.  As 
the  majority  of  observers  agree  that- they  can  be  produced  in  various 
conditions  attended  by  vasomotor  relaxation,  I  can  not  agree  with  Ser- 


52.  Rayer,  quoted  by  Roger:     Jour,  de  l'exp6rience,  1837. 

53.  Goodhart:     New  Sydenham  Society's  Atlas  of  Pathology,  1879,  ii,  50. 

54.  Sergent:     Bull.  Soc.  m6d.  d'hOp.  de  Paris,  1904,  xxi,  380. 

55.  Leconte:     These  de  Paris  (Case  48),  1897. 
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gent  in  looking  on  them  as  diagnostic  of  adrenal  insufficiency.  As  clin- 
ical investigation  has  as  yet  advanced  no  pathognomonic  signs  of  the 
condition,  it  is  only  when  the  symptoms  observe  a  sufficiently  character- 
istic grouping  that  the  possibility  of  diagnosis  during  life  can  be  enter- 
tained. Attention  should  be  paid  to  the  relative  frequency  of  the  condi- 
tion in  the  purpuras  of  childhood  and  during  or  shortly  after  the  acute 
infections.  An  interesting  case  occurring  subsequent  to  an  acute  infec- 
tion is  that  reported  by  Sicard  of  a  woman  33  years  of  age,  who  shortly 
after  the  crisis  in  Friedlander's  pneumonia  suddenly  manifested  a  most 
profound  asthenia;  death  occurred  within  a  few  days,  and  at  autopsy 
hemorrhage  and  necrosis  of  both  adrenals  was  found.  Bousset^"  asserts 
that  he  has  recognized  acute  insufficiency  of  the  suprarenals  as  indicated 
by  asthenia,  arterial  hypotension,  nausea,  vomiting  and  diarrhea  eight 
times  in  the  course  of  various  acute  infections  and  that  he  has  caused 
their  subsidence  by  hypodermic  injections  of  adrenalin.  Due  considera- 
tion must  be  paid  to  the  apparent  etiologic  relationship  that  exists 
between  acute  suprarenal  insufficiency  and  inflammations  in  the  neigh- 
borhood of  the  suprarenals,  surface  bums,  chronic  heart  or  pulmonary 
disease,  and  any  phenomenon  tending  to  a  great  increase  in  internal  blood 
pressure. 

Such  cases  as  those  of  Laignel-Lavastine  and  Arnaud  claim  for  acute 
suprarenal  insufficiency  a  role  of  some  importance  as  a  possible  factor  in 
apoplectiform  deaths.  Both  of  the  patients  were  men,  respectively  36 
and  47  years  of  age,  apparently  previously  in  good  health,  who  suddenly 
fell  unconscious  and  died  in  coma,  one  twelve  hours,  the  other  forty-eight 
hours  after  the  onset.  At  autopsy  the  only  finding  of  note  was  hemor- 
rhage into  the  suprarenals.  When  physiology  has  taught  us  more  of  the 
functions  of  the  suprarenals,  and  when  they  are  subjected  to  a  more  rigid 
routine  postmortem  examination,  and  when  clinicians  pay  more  attention 
to  the  facts  already  determined,  I  have  no  doubt  that  acute  suprarenal 
insufficiency  will  assume  a  position  of  greater  clinical  importance  than  it 
has  maintained  in  the  past. 

328  South  Sixteenth  Street. 


56.  Bossuet:     Gaz.  hebd.  de  m§d.  de  Bordeaux,  1904,  xix. 
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The  exact  relationship  of  the  Bacillus  diphtheriae  and  the 
so-called  "pseudodiphtheria"  bacillus  has  been  a  subject  of 
discussion  ever  since  the  discovery  of  the  latter  by  Hoffman 
in  1887.  The  question  as  to  whether  the  two  organisms  are 
to  be  looked  on  as  members  of  the  same  group,  the  differ- 
ences in  their  morphology  and  other  properties  being  due  to 
changes  in  their  environment,  or  whether  they  represent  two 
separate  and  distinct  but  probably  allied  groups,  is  still  un- 
settled. The  present  tendency  is  toward  the  latter  view.  If 
this  be  accepted,  the  main  practical  difference  between  the 
two  groups  must  rest  on  the  ability  of  the  true  diphtheria 
bacillus  and  the  inability  of  the  pseudodiphtheria  bacillus  to 
produce  a  specific  toxin. 

The  more  extended  studies  of  recent  years  have  demon- 
strated that  while  there  is  but  a  single  species  of  the  true 


diphtheria  bacillus  which  may,  however,  show  slight  varia- 
tions in  virulence,  there  are  several  species  making  up  the 
group  of  "pseudodiphtheria"  bacilli.  Of  these,  some  can  be 
easily  distinguished  from  the  true  bacillus  by  differences  in 
morphology,  staining  and  cultural  characteristics  as  well  as  by 
their  inability  to  produce  toxin.  Others  again  resemble  the 
true  Klebs-Loeffler  organism  so  closely  that  the  production  of 
toxin  is  the  only  reliable  distinguishing  characteristic.  The 
case  we  are  about  to  report  represents  an  infection  with  an 
organism  of  this  latter  group — an  organism  which  can  be  very 
easily  confused  with  the  true  bacillus. 

The  patient  was  under  the  care  of  Dr.  MacLeod,  and  was 
seen  on  several  occasions  by  Dr.  Alfred  Stengel. 

A  male,  aged  twenty-seven  years,  married,  civil  engineer,  a 
temperate  liver  and  of  good  habits. 

His  family  history  is  unimportant  and  without  bearing  on 
the  case. 

He  had  had  an  attack  of  scarlet  fever  when  seven  years  of 
age,  followed  in  a  few  months  by  an  attack  of  acute  articular 
rheumatism  of  some  severity.  His  heart  was  known  to  have 
been  affected  from  this  time,  but  it  is  uncertain  whether  the 
cardiac  involvement  followed  directly  upon  the  scarlet  fever 
or  developed  in  the  course  of  the  rheumatism. 

He  had  never  had  any  severe  illness  since  those  mentioned 
above,  but  had  never  considered  himself  as  particularly 
robust,  having  always  to  observe  considerable  caution  as  to 
prolonged  exertion.  In  the  last  two  or  three  years  he  played 
a  good  deal  of  tennis,  but  was  always  forced  to  stop  after  the 
second  set  on  account  of  general  fatigue  but  not  of  dyspnea. 
From  time  to  time  he  had  suffered  from  rheumatic  twinges, 
and  had  been  treated  frequently  in  the  last  few  years  for  a 
pharyngitis  diagnosticated  as  rheumatic.  During  the  fall  and 
winter  of  1907  and  1908  he  had  three  of  these  attacks.  In 
none  of  them  was  there  any  fever  or  other  constitutional 
symptoms;  the  throat  at  each  time  remained  quite  free  from 
lacunar  or  follicular  exudate  or  membrane,  presenting  merely 


a  severely  congested  appearance  of  pharynx  and  half  arches. 
The  last  of  these  anginoid  attacks  occurred  on  February  16, 
and  yielded  so  promptly  to  aspirin  that  he  went  to  his  office  at 
the  usual  time  the  next  morning  apparently  quite  recovered. 

On  March  19  the  patient  arose  feeHng  rather  badly,  but 
was  able  to  go  on  a  short  business  trip.  His  malaise,  head- 
ache, and  general  condition  of  aching  of  the  joints  grew  pro- 
gressively worse,  and  upon  his  arrival  home  at  7.30  that  night 
he  had  a  severe  rigor.  When  seen  at  8.30  p.m.,  his  tempera- 
ture was  104.2;  pulse,  108;  respirations,  24;  his  face  was 
intensely  flushed,  the  pupils  dilated,  and  the  lips  rather 
cyanosed ;  his  principal  complaint  was  of  pain  of  an  influenzal 
character  in  the  back  and  legs,  together  with  the  sensation  of 
warmth  to  be  expected  from  his  rise  of  temperature.  Ques- 
tioned as  to  the  presence  of  his  accustomed  sore  throat,  he 
replied  that  it  did  not  bother  him  this  time  in  the  slightest. 
Examination  of  the  throat  was  absolutely  negative. 

The  next  morning  his  temperature  had  fallen  to  100°,  his 
pains  under  aspirin  and  camphor  were  greatly  diminished, 
and  his  other  symptoms  were  materially  improved.  Exami- 
nations of  the  lungs  and  abdomen  were  negative.  Ausculta- 
tion of  the  heart  revealed  no  change  in  the  mitral  systolic 
murmur  which  he  had  had  for  many  years. 

For  three  days  his  temperature  fluctuated  between  99°  in 
the  morning  and  101°  at  night;  his  pulse  between  90  and 
116.  IDs  constitutional  symptoms  seemed  to  be  improved, 
but  he  complained  of  intense  lassitude  and  almost  complete 
anorexia. 

On  March  24  his  temperature  was  normal,  and  he  ex- 
pressed himself  as  feeling  better  than  at  any  time  during  his 
illness,  even  going  so  far  as  getting  up  to  shave  himself. 
Following  the  exertion,  his  temperature  at  6  p.m.  rose  to 
103.2°,  his  pulse  to  122,  and  he  was  generally  prostrated. 
The  heart  sounds  for  the  first  time  were  not  to  be  easily 
separated,  and  a  slight  pericardial  friction  rub  was  present. 
The  following  morning,  March  25,  his  temperature  was  101°; 


pulse,  128;  respiration,  38.  Examination  of  the  lungs  was 
negative.  Urinalysis  showed  a  slight  trace  of  albumin.  The 
leukocytes  were  17,800  and  the  Widal  reaction  was  negative. 
The  patient  was  in  a  weaker  condition  than  at  any  time 
previous,  his  mentality  apathetic,  tongue  heavily  coated,  and 
general  condition  typhoidal  in  character.  His  condition 
showed  little  change  for  the  next  week.  On  April  3  the 
blood  examination  showed  58  per  cent,  of  hemoglobin, 
4,530,000  erythrocytes,  and  20,800  leukocytes.  The  differ- 
ential count  showed  79  per  cent,  polymorphonuclear  leuko- 
cytes, 12  per  cent,  lymphocytes,  7  per  cent,  large  mononuclears, 
and  2  per  cent,  transitionals  in  the  100  cells  counted.  The 
Widal  reaction  was  again  negative  in  dilutions  of  1  to  50  and 
1  to  100  in  an  hour.  The  urine  was  very  high  colored,  a 
brownish  red,  with  specific  gravity  of  1020,  acid  reaction,  a 
heavy  cloud  of  albumin,  no  sugar,  cylindroids  and  hyaline 
casts,  a  few  epithelial  cells  and  leukocytes.  The  test  for  bile 
was  negative,  while  the  test  for  urobilin  was  distinctly  posi- 
tive. Ehrlich's  diazo-reaction  was  positive,  and  there  was 
only  a  very  faint  trace  of  indican. 

A  blood  culture  was  taken  at  this  time  in  the  usual  manner 
from  the  vein  at  the  bend  of  the  elbow,  about  15  c.c.  of 
blood  being  withdrawn  and  distributed  in  bouillon  and  in 
agar  plates,  in  all  of  which  a  fairly  luxuriant  growth  occurred 
which  in  subcultures  proved  to  be  an  organism  similar  to  the 
Bacillus  diphtherise.  In  view  of  the  presence  in  the  blood  of 
what  was  thought  to  be  the  true  Klebs-Loeffler  organism, 
injections  of  diphtheritic  antitoxin  were  given,  but  without  the 
slightest  change  in  the  symptoms.  On  April  7  a  second  ex- 
amination of  the  blood  showed  34,320  leukocytes,  of  which 
there  were  68.5  per  cent,  polymorphonuclears,  10.5  per  cent, 
lymphocytes,  11  per  cent,  large  mononuclears,  and  11  per  cent, 
transitionals  in  the  200  cells  counted.  A  blood  culture  taken 
at  the  same  time  showed  in  five  of  the  six  flasks  of  bouillon, 
and  in  all  six  plates  an  organism  similar  to  the  one  isolated 
in  the  first  blood  culture.     A  smear  taken  from  the  throat 


showed  a  mixed  growth  in  which  cocci  seemed  to  predomi- 
nate. A  careful  search  failed  to  reveal  any  organisms  re- 
sembling those  found  in  the  blood.  From  this  time  on  to  the 
day  of  his  death,  April  IG,  his  condition  became  gradually 
but  progressively  worse.  His  temperature  never  rose  to  the 
height  which  it  attained  on  the  night  of  the  onset,  but  fluctu- 
ated between  101°  and  103°.  His  mental  condition  changed 
from  hebetude  to  a  low  muttering  delirium  with  carphologia. 
His  abdomen  was  scaphoid,  emaciation  was  marked,  and  his 
tongue  board-like  and  protruded  with  great  difficult^'.  His 
pulse  remained  between  120  and  145  except  on  exertion,  as 
after  sponging,  when  it  could  not  be  counted  at  the  radial. 
The  heart  sounds  became  one  confused  murmur,  roughened 
in  character,  and  transmitted  almost  all  over  the  chest  and 
back.  The  apex  beat  was  diffuse  and  the  heart  somewhat 
dilated,  more,  however,  to  the  left  than  to  the  right.  A 
petechial  eruption  appeared  especially  on  the  legs  and  arms. 
Intense  anemia  and  general  wasting  were  present  and  the 
patient  became  semiconscious,  finally  passing  into  coma,  in 
which  condition  he  died  after  being  sick  twenty-eight  days. 
There  was  no  autopsy.  The  clinical  diagnosis  was  pseudo- 
diphtheritic  septicemia,  with  endocarditis  following  a  chronic 
valvulitis. 

In  the  case  rqjorted  above,  the  great  number  of  organisms 
in  the  blood  was  very  striking.  The  agar  plates,  to  which 
about  1  c.c.  of  blood  had  been  added,  each  showed  from  900 
to  1200  colonies.  This  is  considerably  more  than  we  have 
ever  noticed  in  a  long  series  of  blood  cultures  in  other  dis- 
eases. On  the  agar  plates  the  growth  occurred  as  small 
whitish  colonies,  varying  in  size  from  a  pin  point  to  a  pin 
head,  moist,  showing  little  tendency  to  adhere  to  the  media. 
On  Loefl3er's  blood  serum  the  organism  grew  well  as  discrete 
pale  yellow  colonies.  Smears  from  these  showed  a  Gram- 
positive  rod  of  irregular  size  and  shape,  with  enlargements 
either  at  the  end  or  at  the  middle,  and  the  rods  for  the  most 
part  arranged    parallel  in  small    groups.     The  organism 


varied  in  length  and  width,  the  shorter  forms  being  straight, 
the  longer  forms  curved  at  one  or  both  ends.  With  Loeflfler's 
methylene  blue  the  organisms  showed  rather  marked  differ- 
ences in  size  and  shape,  and  each  organism  took  the 
stain  irregularly.  Neisser's  stain  demonstrated  the  polar 
granules  to  better  advantage.  The  growth  on  agar  was  a 
thin  uniform  film  fairly  abundant,  and  smears  here  showed 
the  organism  to  be  larger,  thicker,  and  more  uniformly  barred 
than  when  grown  on  serum;  club-shaped  forms  were  also 
common. 

The  growth  in  bouillon  was  quite  characteristic.  After 
twenty-four  hours  there  was  very  slight  general  clouding;  at 
the  end  of  forty-eight  hours,  or,  better,  after  seventy-two 
hours,  a  granular  surface  growth  appeared  with  some  sedi- 
ment collecting  along  the  sides  and  bottom  of  the  flask,  the 
fluid  remaining  fairly  clear  and  of  acid  reaction.  The  sur- 
face growth  on  the  slightest  disturbance  was  precipitated 
through  the  liquid  as  a  cloud  and  settled  to  the  bottom. 
Milk  showed  a  very  slight  acidity.  No  gas  was  produced  in 
glucose,  lactose,  or  saccharose  agar,  nor  was  there  a  visible 
growth  on  potato.  As  soon  as  suspicion  had  been  aroused 
as  to  the  organism  being  the  Bacillus  diphtheria3,  about  thirty 
surface  colonies  were  picked  up  from  the  agar  plates,  emul- 
sified in  bouillon,  and  injected  subcutaneously  into  a  small- 
sized  guinea-pig.  The  pig  showed  no  signs  of  infection  and 
was  killed  at  the  end  of  a  week.  Aside  from  a  slight  subcu- 
taneous infiltration  at  the  site  of  inoculation,  no  signs  of  dis- 
ease were  present.  The  same  result  followed  the  injection 
of  even  larger  amounts  of  the  culture  from  Loeffler's  blood 
serum  and  bouillon  when  given  subcutaneously  or  intraperi- 
toneally.  In  one  instance  death  did  result  in  thirty-six 
hours,  following  an  intraperitoneal  injection  of  4  c.c.  of  a 
forty-eight-hour  bouillon  culture  in  which  had  been  emulsi- 
fied the  growth  from  a  good-sized  serum  slant.  At  the 
autopsy  there  was  an  acute  peritonitis  with  effusion  from 
which  the  organism  was  cultured ;  cultures  from  the  blood  of 


the  heart,  however,  were  sterile.  An  effort  was  now  made  to 
increase  the  virulence  of  the  organism  by  injecting  very  large 
doses  of  the  culture  subcutaneously  into  guinea-pigs,  killing 
them  the  next  day,  culturing  the  organism  from  the  site  of 
inoculation,  and  injecting  into  a  second  pig.  Several  attempts 
to  carry  this  out  were  unsuccessful,  as  we  were  not  always 
able  to  recover  the  organism.  In  one  set  the  organism  was 
passed  through  three  guinea-pigs  without  apparent  increase 
in  virulence.  This,  to  be  at  all  conclusive,  should  have  been 
carried  through  a  larger  number  of  animals,  but  in  the  short 
series  there  seemed  to  be  no  change  in  virulence.  The  fact 
that  bouillon  cultures  of  this  organism  remained  acid  sug- 
gested a  study  of  its  fermentative  ability  as  compared  with 
that  of  a  member  of  the  pseudodiphtheria  group,  and  of  the 
true  Bacillus  diphtheriae.  Flasks  of  glucose  bouillon,  1  per 
cent.,  were  inoculated  with  each  organism,  and  one  fla^k  was 
kept  as  a  control,  all  being  incubated  at  37°.  On  successive 
days  10  c.c.  were  removed  from  each  flask  and  titrated  with 
j^^  sodium  hydroxide  solution,  using  phenolphthalein  as  an 
indicator.  The  amounts  of  the  solutions  used  were  too 
small  for  accurate  results,  but  it  was  quite  evident  that  the 
organism  under  discussion  resembled  more  closely  the  true 
Bacillus  diphtheria  in  the  production  of  acid  than  it  did  the 
pseudobacillus.  Loss  of  the  culture  by  an  accident  prevented 
carrying  out  more  accurate  observations. 

The  organism  found  in  this  case  then  resembles  the  true 
Klebs-Loeffler  bacillus  so  closely  that  practically  it  cannot  be 
differentiated  from  it  except  on  the  basis  of  its  not  producing 
a  specific  toxin. 

A  search  of  the  literature  reveals  few  similar  cases. 

Roosen-Runge^  reported  a  case  of  empyema  developing 
after  pneumonia  in  which  nine  days  after  resection  of  a  rib, 
blood  cultures  showed  an  organism  in  pure  culture  similar  to 
the  diphtheria  bacillus.  Cultures  from  the  pus  of  both 
pleural  canties  before  death  and  from  the  ulcerations  on  the 
tricuspid  and  aortic  valves  after  death  all  show^ed  an  organism 


identical  with  that  found  in  the  blood.  The  growth  in 
bouillon  produced  a  marked  acidity.  Six  guinea-pigs  inocu- 
lated subcutaneously  with  the  organism  showed  nothing  more 
than  slight  signs  of  illness,  while  two  inoculated  intraperi- 
toneally  with  10  c.c.  of  a  twenty-four-hour  culture  of  the 
organism  died  in  five  or  six  weeks  in  cachexia  and  showed 
no  signs  of  infection  at  death. 

Mahler^  reported  a  case  ot  septicemia  caused  by  the 
streptococcus  and  an  organism  similar  to  the  diphtheria 
bacillus.  After  a  mild  angina  the  disease  began  with  irregu- 
lar fever,  swelling  of  the  cervical  lymphatic  glands,  enlarge- 
ment of  the  spleen  and  19  days  after  the  onset  by  a  petechial 
eruption  over  the  lateral  aspects  of  the  body  in  the  axilla  and 
on  the  elbows.  Blood  for  blood  cultures  were  taken  on  the 
19th,  29th,  33d,  and  40th  days  of  the  disease  in  the  usual 
manner  and  placed  in  bouillon.  The  first  culture  after  a 
week's  growth  showed  an  organism  resembling  the  diphtheria 
bacillus.  The  last  three  cultures  showed  the  same  organism 
together  with  a  streptococcus.  It  is  interesting  to  note  that 
no  improvement  followed  the  repeated  injection  of  diphtheria 
antitoxin,  while  convalescence  seemed  to  date  from  the  injec- 
tion of  streptococcic  antiserum.  The  bacillus  isolated  was 
not  pathogenic  for  guinea-pigs  when  injected  subcutaneously 
in  doses  of  0.5  c.c.  and  1  c.c.  of  a  twenty-four  and  thirty-six- 
hour  bouillon  culture,  and  caused  only  slight  subcutaneous 
infiltration  at  the  site  of  inoculation. 

Ucke'  reported  a  case  of  septicemia  caused  by  the  diph- 
theria bacillus  following  a  mild  angina  and  complicated  by 
an  abscess  in  the  gluteal  muscles,  from  both  of  which,  as  well 
as  from  blood  cultures,  organisms  similar  to  the  diphtheria 
bacillus  were  obtained.  The  blood  was  taken  from  the  vein 
in  the  arm  and  added  to  several  tubes  of  bouillon  and 
slanted  agar.  From  only  one  of  these  tubes  (agar)  did  he 
obtain  a  growth  of  diphtheria  bacilli.  Before  the  gluteal 
abscess  was  opened,  3000  units  of  diphtheria  antitoxin  had 
been  administered  with  no  change  in  the  condition  of  the 


patient.  Recovery,  however,  occurre<l  after  opening  and 
draining  the  abscess.  One  c.c.  of  a  bouillon  culture  of  the 
organism  was  injected  subcuta,neously  into  a  guinea-pig  of 
2C0  grams  weight.  An  infiltration  developed  at  the  site  of 
injection,  but  did  not  kill  the  animal. 

Von  Niessen*  found  an  organism  similar  to  the  diphtheria 
bacillus  in  the  circulating  blood  in  a  case  of  combined  scarlet 
fever  and  diphtheria.  No  mention  is  made  of  its  patho- 
genicity. 

Besides  these  four  cases  (if  von  Niessen's  case  be  include<l) 
diagnosticated  by  blood  culture  during  life,  there  are  a  number 
of  instances  where  this  same  organism,  so  far  as  can  be  deter- 
mined from  the  meagre  description  given,  has  been  found 
postmortem. 

Howard'  reported  an  interesting  case  of  ulcerative  endo- 
carditis in  which  at  the  autopsy,  eight  hours  after  death,  an 
extensive  thrombosis  was  found  on  the  superior  surface  of  the 
mitral  valve  and  the  evidences  of  septicemia  in  the  other 
organs.  Coverslip  preparations  from  the  mitral  valve,  the 
spleen,  and  kidneys  show^ed  in  pure  culture  and  in  great  num- 
bers an  organism  which  could  not  be  differentiated  from  the 
Klebs-Loefl3er  bacillus  except  that  it  was  non-pathogenic  for 
guinea-pigs.  The  organism  was  studied  by  Welch,  Abbott, 
and  others,  and  by  all  was  thought  to  be  the  true  diphtheria 
bacillus. 

Wright"  reported  a  case  of  acute  endocarditis  in  which  the 
aortic  and  tricuspid  valves  were  affected  and  in  which  cultures 
postmortem  showed  the  pneumococcus,  staphylococcus,  and 
an  organism  corresponding  to  the  Klebs-Loeffler  bacillus 
except  that  it  was  non-pathogenic  for  guinea-pigs. 

In  the  cases  so  far  reported  the  infection  has  not  had  any 
direct  connection  or  relation  with  the  disease  ordinarily 
known  as  diphtheria,  and  in  every,  instance  except  possibly 
in  von  Niessen's  case  the  organism  was  non-pathogenic  for 
guinea-pigs. 

We  have  been  unable  to  find  the  record  of  any  case  of 
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true  diphtheria  in  which  diphtheria  bacilli  pathogenic  for 
guinea-pigs  have  been  found  in  the  blood  during  life.  Many 
instances,  however,  are  recorded  where  the  organism  either 
alone  or  with  the  streptococcus  or  staphylococcus  has 
been  found  in  the  blood  and  internal  organs  after  death. 
Such  cases  are  reported  by  von  Babes,'  Kolisko  and 
Paltauf,"  Johnson, «  Nowak,^°  Frosch,"  Kutscher,'^'  Booker,^' 
Flexner,"  Cannon,'^  Wright,'  Wright  and  Stokes,*'  Stokes," 
Kanthack  and  Stephens,'*  and  Pearce.*'  In  many  of 
these  cases  the  distribution  of  the  bacilli  was  so  general 
that  it  must  have  occurred  before  death,  so  that  we  feel  that 
the  bacilli  could  be  isolated  from  the  blood  in  these  same 
cases  had  they  been  cultured  during  life.  Unfortunately 
many  of  these  reporters  do  not  state  whether  the  organisms 
found  by  them  were  pathogenic  for  guinea-pigs.  Wright, 
however,  in  his  work  found  that  all  the  organisms  isolated 
by  him  from  fatal  cases  of  true  diphtheria  were  pathogenic 
for  guinea-pigs,  except  one  to  which  reference  has  already 
been  made. 

Pearce"  says  "the  clinical  significance  of  this  general 
infection  with  the  Klebs-Loeffler  bacillus  is  not  apparent. 
It  occurs  generally,  but  not  always,  in  the  gravest  cases,  or 
those  known  as  'septic'  cases.  It  is  probable  that  it  may  be 
due  to  a  diminished  resistance  of  the  tissue  cells,  or  of  the 
germicidal  power  of  the  blood.  Whether  the  Klebs-LoefBer 
does  or  does  not  continue  to  produce  its  toxic  products, 
wherever  it  may  be,  in  the  blood  or  internal  organs  it  is  im- 
possible to  say,  but  from  the  number  of  fatal  cases  with  such 
an  infection,  it  would  seem  very  probable  that  it  does." 

In  the  cases  reported  we  seem  to  have  two  groups  of 
organisms  which  resemble  each  other  more  or  less  closely  in 
morphology,  staining  properties,  and  cultural  characteristics, 
but  differ  from  each  other  in  the  ability  to  form  toxin  when 
injected  into  guinea-pigs.  The  one  group  seems  to  have  been 
definitely  identified  as  the  true  Klebs-Loeffler  bacillus  and 
the  question  arises  as  to  whether  the  other  group  is  to  be 
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looked  on  as  an  entirely  distinct  but  allied  group  or  whether 
it  is  a  true  diphtheria  bacillus  which  has  under  peculiar  con- 
ditions lost  its  power  of  producing  toxin. 

A  study  of  the  conditions  under  which  this  interchange  of 
pathogenicity  could  take  place  has  been  made  by  a  number 
of  observers.  Of  the  results  of  this  work,  Graham-Smith,  in 
his  exhaustive  treatise  on  diphtheria  published  in  1908,  states 
that  "experimental  attempts  to  artificially  decrease  the  \im- 
lence  of  diphtheria  bacilli  produce  somewhat  conflicting 
evidence,  but  show  that  under  any  conditions  their  attenu- 
ation is  a  matter  of  diflSculty  and  uncertainty.  Attempts  to 
give  virulence  to  totally  non-pathogenic  diphtheria  bacilli 
have  been  almost  uniformly  unsuccessful  and  even  attempts 
to  raise  the  virulence  of  lowly  virulent  bacilli  have  frequently 
failed." 

Again,  "it  has  been  asserted  that  Hoffman's  bacillus  (the 
form  usually  referred  to  as  the  pseudodiphtheria  bacillus) 
may  be  pathogenic  to  man  but  no  bacteriological  proof  has 
been  produced,  and  except  by  one  or  two  observers  Hoffman's 
bacilli  derived  from  all  sources  have  been  found  to  be  non- 
virulent  to  guinea-pigs  in  fairly  large  doses." 

The  opinion  seems  to  be  gradually  gaining  ground  that 
the  diphtheria  bacillus  and  the  pseudobacillus  represent  two 
allied  but  separate  groups  of  organisms.  Hamilton**  in  a 
thorough  critical  review  of  the  literature  shows  that  the  vari- 
ous methods  proposed  in  the  past  for  differentiating  these 
two  groups  have  not  been  satisfactory  and  decisive.  She 
quotes  the  opinion  of  Beck,  LoeflBer  and  Spronck  that  "it 
is  impossible  to  distinguish  the  true  from  the  pseudobacillus 
by  means  of  cultural  pecularities,  morpholog}',  presence  of 
Neisser  granules,  chemical  activity  or  virulence  for  animals, 
and  the  only  hope  for  a  sure  method  of  differentiation  lies  in 
the  application  of  specific  sera  to  neutralize  specific  toxins." 

After  a  careful  study  of  29  organisms  which  were,  with  the 
exception  perhaps  of  three,  pseudodiphtheria  bacilli,  she 
concludes  that  this  indefinite  group  "may  be  divided  into  at 
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least  three  separate  groups.  First,  there  is  the  group  of  those 
which  are  non-pathogenic  to  guinea-pigs — a  group  which 
probably  s'ould  be  further  subdivided,  for  some  are  appar- 
ently pathogenic  to  man  and  there  are  certainly  decided  dif- 
ferences as  far  as  cultural  characteristics  go.  Yet  a  basis  of 
subclassification  would  be  hard  to  find.  Second,  there  is 
the  well-defined  group  of  organisms  pathogenic  to  guinea-pigs, 
producing  a  general  bacteriemia,  and  neutralized  by  the 
serum  of  a  rabbit  immunized  against  one  member  of  the 
group;  third,  the  organisms  which  form  gas  in  glucose  media 
produce  bacteriemia  in  guinea-pigs  and  are  neutralized 
neither  by  diphtheria  antitoxin  nor  by  the  pseudodiphtheria 
serum." 

Graham-Smith  comes  to  much  the  same  conclusion  when 
he  says  that  "evidence  is  rapidly  accumulating  to  show  that 
many  other  species  of  diphtheria-like  organisms  besides 
Hojffman's  bacillus  are  to  be  found  in  the  throat,  nose,  eye, 
genital  tract,  and  on  the  skin  of  healthy  and  diseased 
persons,  some  of  which  more  closely  resemble  the  diphtheria 
bacillus  and  others  Hoffman's  bacillus  in  character." 

H.  M.  Goodman,^^  after  a  careful  study  of  the  three  types 
of  the  diphtheria  group,  the  Bacillus  diphtherise,  the  Bacillus 
pseudodiphthericus,  and  the  Bacillus  xerosis,  concludes  that 
"separation  of  the  members  of  the  diphtheria  group  into  two 
or  more  species  on  the  basis  of  morphology,  staining  proper- 
ties, character  of  growth  or  pathogenicity  is  not  justifiable 
because  of  inconstancy.  The  same  applies  to  immunity 
reactions  which  have  the  additional  objection  that  their 
significance  as  species  reactions  is  as  yet  unknown.  The  only 
character  which  experience  has  not  shown  to  be  untrustworthy 
is  that  of  difference  in  behavior  toward  carbohydrates,"  and 
this  he  does  not  consider  a  species  characteristic  because  "it 
can  be  readily  and  markedly  altered  at  will  by  artificial  selec- 
tion." We  feel  that  his  conclusions  are  sound  in  regard  to 
the  interchangeability  of  different  characteristics  with  the 
except  on  of  pathogenicity.     He  proved  quite  conclusively 
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that  by  natural  selection  an  increase  in  toxicity  for  guinea- 
pigs  could  be  brought  about  in  the  diphtheria  bacillus,  but 
we  are  not  convinced  that  he  has  shown  that  this  can  be 
depressed  entirely  nor  that  it  can  be  added  to  those  forms 
which  usually  do  not  possess  virulence. 

Zinsser'^  has  recently  confirmed  the  opinion  of  Knapp  that 
these  groups  may  be  differentiated  by  their  fermentative 
action  on  certain  sugars,  the  true  diphtheria  bacillus  fer- 
menting dextrin  but  not  saccharose,  the  xerosis  bacillus 
fermenting  saccharose  but  not  dextrin,  and  the  pseudodiph- 
theria  bacillus  not  fermenting  either.  We  did  not  apply  this 
test  to  our  organism.  This  may  prove  to  be  a  satisfac- 
tory method  of  differentiation,  but  as  yet  the  diflSculties  of 
carrying  it  out  prevent  its  use  as  a  practical  method. 

From  these  opinions  and  quotations  it  seems  reasonable  to 
look  on  pathogenicity  for  guinea-pigs  as  the  only  reliable 
difference  between  the  true  and  the  pseudodiphtheria  bacilli. 
In  the  cases  reported  above  (except  those  diagnosticated  as 
true  diphtheria)  the  organisms  have  been  considered  diph- 
theria bacilli,  in  some  cases  being  specially  called  Klebs- 
Loeffler  bacilli.  With  our  present  knowledge  we  fail  to 
see  the  grounds  for  this  opinion. 

We  feel,  therefore,  that  we  are  justified  in  looking  on 
the  organism  found  in  our  case,  and  also  probably  those 
found  antemortem  in  the  cases  reported  by  Roosen-Runge, 
Mahler  and  Ucke,  as  well  as  those  reported  as  found  post- 
mortem by  Howard  and  Wright,  as  belonging  to  the  group  of 
pseudodiphtheria  bacilli,  and  for  them  would  suggest  the 
term  diphtherioid  bacilli  to  differentiate  them  from  Hoffman's 
bacillus  on  the  one  hand,  from  which  they  can  be  distin- 
guished by  morphological  and  cultural  characteristics,  and 
especially  by  the  production  of  acid  in  bouillon  culture  and 
from  the  diphtheria  bacilli  on  the.  other,  from  which  they 
can  be  distinguished  only  by  their  inability  to  produce  toxin 
when  injected  into  guinea-pigs. 

Further  work  is  necessary  on  the  pseudodiphtheria  group 
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before  a  proper  classification  can  be  arrived  at.  This  may 
also  bring  to  light  a  method  for  differentiating  the  members 
of  this  group  from  the  true  Klebs-Loeffler  bacillus,  which 
will  be  shorter  than  the  one  we  have  now  which  depends  on 
guinea-pig  inoculation.  We  would  repeat  the  suggestion 
made  by  others  that  pathogenicity  for  guinea-pigs,  which 
can  be  neutralized  by  diphtheritic  antitoxin,  is  the  only 
crucial  test  for  the  true  Klebs-LoeflBer  bacillus. 
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THE  INHIBITION    OF    PANCREATIC    ACTIVITY    BY    EX- 
TRACTS OF  SUPRARENAL  AND  PITUITARY  BODIES.* 

RALl'II    ]'i:.MBERTOX,   M.D. 

AND 

J.  EDWIN  SWEET,  M.D. 

PHir^DELPHIA. 

In  a  recent  publication^  we  had  the  privilege  of  considering  at  some 
length  the  question  of  the  activation  of  the  pancreas  by  secretin,  with 
especial  reference  to  malnutrition  and  diabetes. 

In  it  we  pointed  out,  among  other  things,  that  in  some  animals, 
especially  those  which  are  carnivorous  and  are  not  provided  with  grind- 
ing molar  teeth,  in  which  animals  there  must,  therefore,  be  either  a  large 
amount  of  acid  gastric  secretion  or  a  high  degree  of  acidity  within  the 
stomach,  there  was  evidence  that  pro-secretin  is  present  in  the  intestines 
in  quantities  larger  than  are  found  in  human  beings.  We  also  reached  the 
conclusion  that  the  evidence  to  date  for  the  absence  or  deficiency  of  pro- 
secretin as  the  cause  of  some  cases  of  diabetes  and  malnutrition  was 
insufficient. 

These  were  our  main  findings  as  far  as  the  present  communication 
is  concerned,  but  the  experience  gained  in  these  connections  led  us  to  ex- 
periment further.  The  question  of  the  relation  of  the  pancreas  and  its 
evident  activity,  when  excited  by  secretin,  to  digestion  in  general  and  to 
other  organs  in  particular,  is  a  very  wide  one,  and,  as  we  ventured  to 
point  out,  offers  a  most  promising  and  relatively  unexplored  field  for 
research.  It  occurred  to  us  that  with  a  definite  and  sure  method  of 
activating  at  least  the  "external"  secretion  of  that  gland,  and  with  an 
experience  equal  to  measuring  and  interpreting  its  response,  we  had  at 
hand  a  means  whereby  its  correlation  with  other  organs  might  be 
studied. 

In  his  Harvey  address-  Starling  says:  "Secretin  may  be  taken  as  a 
type  of  a  whole  group  of  cliemical  messengers,  which,  formed  in  one 
organ,  travel  in  the  blood  stream  to  otlier  organs  of  the  body  and  effect 
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correlation  between  the  activities  of  the  organs  of  origin  and  the  organs 
in  which  they  exert  their  specific  effect."  This  effect,  he  says,  as  a 
deduction  from  many  observations  in  this  connection,  is  not  due  neces- 
sarily to  the  formation  of  a  special  substance  which  shall  exert  a  specific 
influence  on  some  distant  organ,  but  possibly  to  the  development  in  that 
distant  organ  of  a  specific  sensibility  to  the  common  product  of  the  first 
organ.  The  chemical  adaptations  which  Starling  considers  and  of  which 
we  know  most,  have  resulted  almost  exclusively  in  increasing  the  activity 
of  the  responding  organ.  "We  can  not,  however,  draw  sharp  lines  be- 
tween the  reactions  involving  increased  activity  or  dissimilation  and 
those  which  involve  increased  assimilation  or  growth,  since,  under 
physiologic  circumstances,  the  latter  is  always  an  immediate  consequence 
or  accompaniment  of  the  former." 

Some  unknown  function  of  the  pancreas  by  virtue  of  which  it  seems 
to  have  a  close  relation  with  diabetes  has  long  been  recognized,  chiefly 
from  von  Mering  and  Minkowski's  well-known  observation,  that  extir- 
pation of  the  pancreas  causes  glycosuria.  As  is  well  known,  many  agents 
may  cause  glycosuria  when  injected  intravenously  or  otherwise  given; 
for  example,  isotonic  salt  solution  injected  intravenously  in  large 
amounts;  interference  with  the  supply  of  oxygen;  etherization;  and, 
lastly  and  more  specifically,  adrenalin  injected  subcutaneously.  AVliatever 
the  mechanism  by  which  these  agents  act  the  last  one  named  does  so  by 
producing  a  true  hyperglycemia.  Now  the  fact,  on  the  one  hand,  that  a 
small  excess  of  suprarenal  substance  in  the  circulation  of  an  animal,  its 
own  suprarenal  glands  being  intact,  produces  glycosuria,  and,  on  the 
other  hand,  that  extirpation  of  the  pancreas  produces  a  like  result,  sug- 
gests an  antagonism  or  balance  of  action  between  these  two  organs  in 
particular  which  might  profitably  bear  investigation.  A  relation  of  this 
kind  has  been  suspected,  though  full  experimental  evidence  has  been 
lacking  to  establish  it.  Thus,  Herter  has  shown  that  painting  the  pan- 
creas with  adrenalin  causes  glycosuria,  but  whether  this  is  merely  a 
feature  of  its  action  when  injected  subcutaneously  or  intravenously  is 
not  yet  known.  G.  Zuelser^  has  advanced  some  ideas  as  to  the  interrela- 
tion of  the  adrenals  and  the  pancreas.  To  quote  his  own  words,  he 
makes  "the  assumption  that  the  secretion  of  the  suprarenals  is  normally 
neutralized  by  the  pancreas  and  that,  therefore,  the  'pancreatic  diabetes' 
of  Minkowski,  which  follows  extirpation  of  the  pancreas,  is  really  a 
suprarenal  diabetes."     He  also  claims  that  by  injecting  simultaneously 
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suprarenal  extract  and  pancreatic  juice,  no  glycosuria  results.  Pfliiger* 
has  shown  that  extirpation  of  the  duodenum  in  frogs  causes  glycosuria. 
(It  is  from  the  duodenum,  of  course,  that  the  pancreas  normally  obtains 
the  stimulus  for  the  discharge  of  its  external  secretion  at  least.)  Ehr- 
raan'  has  found  that  this  extirpation  does  not  cause  glycosuria  in 
dogs;  but  Pfliiger  criticizes  Ehrman's  work  on  the  ground  that  the  sepa- 
ration of  the  pancreas  from  the  intestines  was  not  complete  and  that  the 
animals  did  not  survive  the  operation  for  a  period  long  enough  to  make 
the  experiments  conclusive. 

It  was,  therefore,  with  the  basal  thoughts  just  suggested  that  we 
sought  to  investigate  the  influence  of  various  factors  on  the  one  gland 
of  the  body  whose  excitation  by  'Tiormones"  can  be  induced  at  will,  as 
a  basis  for  inquiring  into  that  further  interdependence  of  organs  which 
we  know  exists.  Our  first  thought  was  to  look  within  the  body  for  factors 
which  might  have  some  effect,  though  the  question  of  outside  influences, 
such  as  "drugs,"  is  an  important  one  of  itself. 

We  attempted,  therefore,  at  the  start,  to  influence  in-  dogs  the  flow 
of  pancreatic  juice  when  excited  by  secretin,  with  intravenous  injections 
of  adrenalin  chlorid,  taking  3  c.c.  at  a  dose."  Three  c.c.  of  adrenalin  was 
sufficient  instantly  and  markedly  to  increase  the  blood  pressure,  without 
evidently  injuring  the  animal  during  the  period  of  observation  and  in 
a  few  minutes  tlie  blood  pressure  fell  again  to  normal,  so  that  the  dose 
could  be  several  times  repeated. 

We  foimd  on  injecting  adrenalin  chlorid  that  the  flow  of  pancreatic 
juice  was  almost  at  once  inhibited  and  in  most  cases  absolutely  so.  With 
injection  of  fair  amounts  it  was  at  all  times  slowed,  proportionately  to 
the  size  of  the  dog  and  the  activity  of  his  pancreas.  Moreover,  the  simul- 
taneous injection  of  secretin  and  adrenalin  resulted  in  a  total  absence  of 
flow ;  and,  furthermore,  the  injection  of  adrenalin  a  few  moments  prior 
to  the  injection  of  secretin  prevented  a  flow.  Occasionally,  if  tlie  gland 
were  verj-  active  and  the  dose  of  adrenalin  moderate,  a  slight  response  to 
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flow  would  occur  late,  as  though,  in  the  end,  the  action  of  the  secretory 
factor  had  preponderated. 

In  considering  the  matter,  one  of  our  first  thoughts  was,  of  course, 
that  the  inhibitory  power  of  adrenalin  Avas  due  to  its  blood-pressure- 
raising  principle,  notwithstanding  the  fact  that  changes  in  blood  pres- 
sure are  well  known  to  have  little  influence  in  the  output  of  most  glands, 
and  that  the  pressure  in  the  secretory  duct  of  such  glands  may,  without 
much  effect,  be  higher  or  lower  than  that  in  the  vessels  supplying  it. 
This  is  well  illustrated  by  numerous  long-established  experiments  on  the 
salivary  glands.  As  a  matter  of  fact,  however,  the  injection  of  secret  in 
is  followed  by  an  immediate  and  pronounced  fall  in  the  blood  pressure. 
The  blood-pressure-lowering  element  of  secretin  is  probably  purely  inci- 
dental, as  shown  by  Bayliss  and  Starling,  and,  as  can  be  seen  from  our 
records,  is  a  feature  of  many  extracts  of  tissue  because  of  various  ele- 
ments present.  Further,  under  some  circumstances,  after  the  injection 
of  adrenalin  of  known  vasomotor  activity,  the  blood  pressure  has  for 
various  reasons  failed  to  rise  very  much,  and  again,  after  adrenalin 
injections,  secretin  has  greatly  reduced  the  blood  pressure  to  a  point 
much  below  normal,  and  yet  no  flow  has  resulted  in  either  event,  showing 
conclusively  that  this  action  is  not  the  result  of  high  blood  pressure. 
Further,  the  simultaneous  injection  of  both  agents  frequently  results  in 
such  an  antagonism  of  the  elements  which  affect  the  blood  pressure  that 
no  change  in  its  level  occurs  and  still  no  flow  appears.  We  shall  later 
refer  fully,  after  considering  further  experiments,  to  some  results  ob- 
tained with  old  solutions  of  adrenalin  which  had  undergone  changes 
whereby  they  lost  their  property  of  preventing  pancreatic  flow,  but  yet 
powerfully  raised  the  blood  pressure.  A  flow,  therefore,  took  place  witb 
the  blood  pressure  raised  almost  to  a  maximum  by  adrenalin.  More 
direct  experiments  to  this  end  can  be  conducted  with  difficulty,  as  no 
other  known  substance  raises  the  blood  pressure  to  a  degree  at  all  com- 
parable with  adrenalin. 

That  this  inhibition  of  secretion  is  not  a  feature  of  any  general 
action  of  adrenalin  is  shown  by  a  number  of  observations,  the  results 
of  which  are  summarized  as  follows  by  Cushny  -J  "The  secretion  of  the 
salivary  gland  and  of  the  mucous  glands  of  the  mouth  and  throat  is 
increased,  apparently  through  stimulation  of  the  nerve  terminations,  as 
under  pilocarpin.  The  secretion  is  arrested  by  atropin,  but  can  be  rein- 
stated by  larger  amounts  of  suprarenal  extract,  which  is  a  more  powerful 
antagonist  to  atropin  than  pilocarpin.    The  lacrimal  gland  and  the  bile 
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are  also  increased."  Speaking  of  the  blood  pressure,  he  says:  "This 
active  principle  exists  only  in  the  medulla  of  the  gland  and,  therefore, 
does  not  represent  the  whole  function  of  the  organ,  in  all  probability." 

It  may  be  well  here  to  mention  the  methods  by  which  we  recorded 
the  observations  which  appear  later.  In  our  previous  work  we  measured 
pancreatic  activity  by  registering  with  a  watch  the  exact  moment  at 
which  the  flow  of  juice  through  the  canula  in  the  duct  of  Wirsung 
passed  definite  graduations  marked  along  the  canula.  This  method  was 
accurate  enough,  but  not  at  all  graphic  and  was,  as  well,  voluminous  in 
reproduction,  so  we  had  recourse  to  the  following  method: 

The  blood  pressure  was  recorded  on  a  k}Tnographic  drum  by  means 
of  a  manometer  in  the  femoral  or  carotid  artery,  and  the  respiration  by 
a  manometer  introduced  into  the  trachea.  By  means  of  the  electric 
push-button  connected  with  the  pen  drawing  the  base  line  on  the  drum, 
it  was  possible,  by  watching  the  flow  of  juice  through  a  graduated 
canula  placed  in  the  duct  as  usual,  to  record  in  vertical  and  momentary 
elevations  of  the  base  line  the  exact  moments  at  which  the  juice  flowed 
past  any  given  division. 

In  order  that  the  record  of  an  experiment,  which  often  covered  a 
period  of  several  hours,  might  be  made  continuous,  we  made  use  of  a 
modification  of  the  well-known  "endless  roll,"  a  method  which  had  for 
our  purpose  the  advantages  of  recording  the  blood  pressure  in  all  its 
variations  from  the  normal  established  at  the  beginning  of  the  experi- 
ment.* 

The  experiments  above  recorded  of  the  action  of  adrenalin  were 
repeated  a  great  many  times  and,  as  our  tracings  show,  with  almost 
invariably  the  same  results.  The  amount  generally  used  was  3  c.c.  of 
the  "adrenalin  chlorid"  of  Parke,  Davis  &  Co.,  which  is  said  to  contain 
two  and  one-quarter  grains  of  chloretone  to  the  ounce.  In  order  to  ob- 
viate the  possibility  of  the  latter  preservative  being  a  factor  we  prepared 
several  chloretone  solutions  of  different  strengths,  one  of  over  twice  the 
strength  in  which  it  occurs  in  adrenalin,  but  no  inhibitory  effect  could 
be  observed  from  it.  We  next  made  up  a  solution  of  pure  adrenalin 
from  the  dried  active  extract  of  the  suprarenal  glands  also  on  the  market. 
This  is  said  to  contain  no  preservative  of  any  sort,  but  a  solution  made 
from  it  of  the  same  strength  as  that  containing  chloretone  again  gave 
the  same  results.  Finally,  we  made  a  suprarenal  extract  of  our  own, 
from  the  suprarenal  glands  of  thirteen  dogs  on  which  various  surgical 
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operations  had  been  performed  some  weeks  previously  in  the  course  of 
experimental  surgery  at  the  University  of  Pennsylvania.  These  ani- 
mals were  in  good  health  and  were  all  killed  by  gas  at  the  same  time  for 
autopsy  study;  advantage  was  taken  of  this  fact  to  obtain  the  supra-, 
renals.  The  glands  were  run  through  a  hash  machine  and  the  result- 
ing mass  ground  up  with  sand  and  about  30  c.c.  of  normal  salt  solu- 
tion in  a  mortar  for  about  fifteen  minutes  till  the  whole  was  reduced  to  a 
uniform  pulp.  Salt  solution  was  then  added  to  a  total  of  78  c.c.  and  the 
mortar  contents  strained  through  unbleached  muslin.  This  preparation 
was  opaque,  white  and  cloudy  in  appearance,  and  our  observations  show 
that  to  all  intents  and  purposes  it  had  all  the  properties  of  that  put  on 
the  market  in  regard  to  both  blood  pressure  and  inhibition  of  pancreatic 
flow.  On  an  earlier  occasion  we  made  a  normal  salt  solution  extract 
from  the  two  suprarenals  of  one  dog  and  added  to  it  1  c.c.  of  a  saturated 
solution  of  chloretone.    This  preparation  was  also  active  in  all  respects. 

In  order  to  establish  any  peculiarity  or  specificity  of  action  in  this 
connection,  however,  it  was  then  necessary  to  utilize  other  glandular  ex- 
tracts and  other  substances  in  the  same  connection. 

To  this  end  we  experimented  with  as  many  animal  extracts  of  known 
activity  as  could  be  obtained.  There  are,  of  course,  but  few  such,  and 
there  is  only  one  of  any  definite  therapeutic  value,  viz.,  the  thyroid.  A 
tablet  of  dried  thyroid  extract  (the  therapeutic  dose  for  an  adult  human 
being)  was  ground  up  in  a  mortar  and  the  powder  rubbed  up  with  10  c.c. 
of  water.  The  liquid  assumed  a  brownish  color,  indicating  some  solubility 
of  the  substance,  but  for  the  greater  part  this  injection  consisted  of  a 
fine  suspension.  A  solution  of  thyroid  extract  was  also  made  by  treat- 
ing the  mashed  and  ground  pulp  of  two  sheep  thyroids  with  slightly 
more  glycerin  than  was  sufficient  to  cover  them.  This  was  allowed 
to  extract  all  night  and  then  diluted  one-half  with  water,  strained  and 
used  in  various  amounts  for  injection.  There  can  be  no  question  that 
this  preparation  contained  much  of  the  peculiar  colloid  thyroid  elabora- 
tion, because  the  slightest  amount  gave  the  characteristic  viscid  reaction 
which  occurs  when  the  latter  is  treated  with  alkali.  The  glands  used  in 
this  instance  were  taken  from  fresh  material  obtained  from  the  abattoir 
and  used  at  the  University  Hospital  in  the  treatment  of  a  case  of  myx- 
edema which  was  improving  rapidly.  We  also  tried  a  liquid  preparation 
of  thyroid  extract  distributed  by  the  manufacturers.  All  of  the  above  thy- 
roid extracts,  however,  were  without  influence  on  the  flow  of  juice. 

It  has  been  shown  by  Schaffer  and  Oliver  and  others  that  the  pituit- 
ary gland  contains  a  substance  which  acts  somewhat  analogously  to  the 
active  principle  of  the  suprarenals,  in  that  it  raises  blood  pressure.  It 
does  this  to  a  degree  less  than  the  latter,  though  the  effect  is  said  to  be 


continued  somewhat  longer.  We  attempted  next,  therefore,  to  obtain  an 
extract  of  the  pituitar}-  body,  and  used  first  a  liquid  preparation  said  to 
be  of  the  infundibular  portion,  distributed  by  Parke,  Davis  &  Co.  for 
experimental  clinical  observation.  In  answer  to  some  questions  addressed 
to  them  by  letter,  the  manufacturers  of  this  solution  state  that  it  con- 
tains 0.5  per  cent,  of  chloretone.  Taking  the  same  dose  of  this  that  we 
used  of  adrenalin  chlorid,  we  injected  it  after  exciting  the  flow  by  secre- 
tin and  obtained  almost  the  same  consequences  as  followed  the  use  of 
adrenalin.  In  other  words,  the  pancreatic  flow  was  at  once  cut  short  and 
generally  completely  inhibited.  In  nearly  every  instance  the  rise  in  blood 
pressure  was  considerably  less  than  is  witnessed  after  the  same  dose  of  ad- 
renalin, and,  moreover,  it  was  less  abrupt,  though  the  longer  continu- 
ance noted  b\"  some  observers  was  not  so  apparent.  Notwithstanding  its 
evidently  inferior  activity  in  respect  to  blood  pressure,  its  inhibitory 
action  on  pancreatic  Juice  seemed  to  be  more  marked.  The  cessation 
was  in  most  cases  more  prompt,  and  on  several  occasions  a  second  injec- 
tion of  secretin  failed  to  excite  a  response  after  an  intei*val  of  time  fol- 
lowing the  injection  of  pituitary  extract  such  as  would  probably  have 
insured  a  flow,  even  though  slight,  had  adrenalin  been  used,  showing 
apparently  that  this  preventive  action  sometimes  lasts  longer  in  the  case 
of  the  pituitary  gland.  That  this  feature  in  no  way  depends  on  an  in- 
crease in  blood  pressure  is  better  illustrated  by  the  pituitary  than  by  the 
fresh  adrenal  extracts,  since  the  former  on  many  occasions  fails  to  raise 
the  blood  pressure  and  more  frequently  the  rise  is  so  slight  and  so  tem- 
porary as  to  be  of  evidently  little  consequence.  In  this  respect  of  raising 
the  blood  pressure,  the  pituitary  extracts  used  by  us  were  by  no  means  as 
constant  or  reliable  as  those  made  from  the  suprarenals. 

On  varying  the  time  of  injection,  as  we  had  done  with  adrenalin, 
and  giving  the  extract  after  excitation  of  the  pancreas  by  secretin,  then 
before  its  excitation,  and,  finally,  with  the  injection  of  secretin,  we  met 
with  nearly  identical  results.  In  both  of  the  latter  instances  the  flow  is 
prevented  by  the  dose  mentioned  (3  c.c),  and  in  the  former  it  is  greatlj 
slowed  and  generally  promptly  stopped.  In  regard  to  both  the  adrenal 
and  pituitary  extracts  it  is  noticeable  that  their  action  is  apparently 
more  marked  when  the  injections  precede  or  are  coincident  with  the 
injection  of  secretin  than  when  they 'follow  it.  Sometimes,  with  a  very 
active  pancreas,  the  initial  dose  of  adrenal  or  pituitary  would  be  insuffi- 
cient to  retard  very  much  a  violent  response  to  secretin,  but  we  found 
that  if  given  before  the  injection  of  secretin  the  flow  was  always  in- 
hibited. 

The  commercial  extract  of  pituitar}'  gland  which  we  first  tried  (the 
exact  nature  of  which  was,  of  course,  entirely  unknown  to  us)  was  open 
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to  the  same  theoretical  objection  as  adrenalin,  and  it  was  possible  that 
methods  of  preparation  or  the  preservatives  used  in  its  manufacture 
might  conceivably  produce  these  effects  or  modify  in  some  way  its  own 
properties;  indeed,  they  might  actually  disguise  those  with  which  we 
were  concerned.  We,  therefore,  determined  to  prepare  our  own  extract, 
which  we  did  as  follows: 

On  the  occasion  mentioned  above,  when  thirteen  dogs  were  killed, 
we  removed  separately  both  portions  of  the  pituitary  gland,  nervous  and 
glandular.  This  procedure  is  relatively  simple  in  the  dog,  as  the  organ 
is  easy  of  access  and  is  exposed  to  view  as  soon  as  the  frontal  lobes  of  the 
brain  are  raised.  The  nervous  part  in  the  dog  is  a  small  white  globule 
about  the  size  of  a  grape-seed,  and  on  being  crushed  extrudes  a  slightly 
viscid  juice  which  can  be  rubbed  into  a  paste.  To  the  thirteen  infundi- 
bular portions  so  treated  we  added  30  c.c.  of  normal  salt  solution,  agi- 
tating the  whole  for  some  time  to  insure  as  complete  extraction  or  solu- 
tion as  possible.  The  resulting  iluid  contained  very  little  residue  of  any 
sort  and  was  transferred  directly  to  a  small  sterile  Erlenmeyer  flask. 
The  glandular  portion  of  the  pituitary  was  then  treated  in  the  same  way 
with  an  equal  amount  of  salt  solution  and  transferred  to  another  flask. 
It  might  be  mentioned  here  that,  while  histologically  the  glandular  por- 
tion of  the  pituitary  body  is  epithelial  tissue,  it  in  no  way  resembled  a 
gland  macroscopically,  and  by  the  uninitiated  eye  would  be  taken  for  the 
nervous  element.  On  being  crushed  it  resembles  so  much  fairly  dense 
tissue  and  gives  a  solution  more  tinged  with  blood  than  the  nervous 
extract,  which  is  almost  white  in  color. 

The  extract  from  the  nervous  portion  of  the  pituitary  was  active 
in  regard  both  to  blood  pressure  and  to  the  suppression  of  the  pan- 
creatic flow,  agreeing  in  all  respects  with  the  other  preparations  tried. 
The  dose  used  was  10  c.c.  of  extract,  which  was  equivalent  to  the  nervous 
fraction  of  about  four  and  one-third  whole  glands.  The  blood  pressure 
was  raised  to  a  degree  somewhat  less  than  was  seen  after  most  of  the 
other  pituitary  injections,  but  this  may  well  be  accounted  for  by  the 
strength  of  the  preparation,  which  must  have  been  considerably  lower 
in  actual  extractive  content  than  the  commercial  article,  which  is  made 
from  the  organs  of  larger  animals. 

The  extract  from  the  epithelial  portion  of  the  pituitary  was  injected 
without  any  evident  effect  on  either  the  blood  pressure  or  the  flow  of 
juice,  which  is  quite  remarkable,  considering  the  immediate  contiguity 
of  the  structures,  and  argues  much  for  a  specificity  of  action..  We  shall 
have  more  to  say  on  this  subject  later. 


Having  satisfied  ourselves  that  the  pituitary  and  the  suprarenal  both 
contain  something  whose  action  on  tlie  pancreatic  flow  is  marked,  it  re- 
mained now  to  investigate  other  tissues.  The  one  of  known  physiologic 
interest  as  regards  its  therapeutic  action  we  had  already  tried  with  a 
negative  result,  but  it  could  not  be  postulated  that  other  organs  or  other 
tissues  might  not  contain  some  principle  which  would  act  analogously. 
Consequently  we  made  extracts  of  the  parenchyma  of  other  glands  and 
of  other  nervous  tissue.  Of  the  former  the  epithelial  portion  of  the 
pituitary  already  served  as  a  striking  instance.  About  one-fourth  of 
the  liver  of  a  freshly  killed  dog  was  put  through  a  hash  machine  and 
then  ground  with  sand  and  a  small  amount  of  normal  salt  solution  in  a 
mortar  until  a  fairly  uniform  mass  resulted.  More  normal  salt  solution 
was  then  added,  making  a  total  of  150  c.c.  used,  and  the  whole  agitated 
and  ground  in  a  mortar  as  well  as  possible  for  about  twenty  minutes.  It 
was  then  passed  through  unbleached  muslin  to  free  it  from  sand  and 
tissue  residue  and  then  transferred  to  a  sterile  Erlenmeyer  flask. 

In  addition  to  the  above,  on  another  occasion,  a  glycerin  extract  of 
liver  was  made  by  adding  about  150  c.c.  of  glycerin  to  the  mass  passed 
through  the  hash  machine  as  recorded,  and  after  agitation  and  pressure 
in  a  mortar  the  whole  was  allowed  to  extract  for  twenty-four  hours.  A 
small  amount  of  water  was  then  added  and  the  mass  strained.  Another 
watery  extract  had  been  previously  prepared  and  this  procedure  was 
repeated  only  because  it  was  thought  that  an  unavoidable  delay  of  some 
hours  might  in  some  way  have  impaired  the  activity  of  the  first.  With 
the  exception  just  noted,  the  glandular  extracts  of  our  own  prepara- 
tion on  which  we  based  conclusions  were  all  made  within  a  few  hours 
of  the  death  of  the  dogs  and  injected  within  a  few  hours  at  latest  after 
their  preparation.®  None  of  the  liver  preparations  seemed,  however,  to 
have  the  slightest  effect  on  the  flow  of  juice,  though  the  blood  pressure 
was  sometimes  considerably  lowered,  as  has  been  shown  by  Halliburton, 
Dixon  and  others  to  be  the  case  with  several  organ  extracts. 

We  next  experimented  with  nervous  tissue,  for  which  purpose  we 
obtained  the  brain  of  a  freshly-killed  dog,  passed  it  entire  through  a 
hash  machine  and  then  ground  the  pulp  in  a  mortar  with  sand  and  a 
total  of  about  130  c.c.  aqua  distillata.  Distilled  water  was  used  inad- 
vertently instead  of  normal  salt  solution,  as  in  the  other  experiments. 

While  the  subject  of  the  depressing  effect  of  extracts  of  nervous^  tissue 
has  already  been  pretty  thoroughly  studied  by  Halliburton  and  others,  it 

9.  The  animals  were  killed  between  6  and  7  a.  m.  The  suprarenal  and 
pituitary  glands  removed  between  8  and  10  a,  m.,  and  extracts  made  by  noon. 
Thpy  wore  injeoted  dnrins  the  aftern(v»n  and  evening  of  the  same  dnv. 
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is  interesting,  apart  from  their  relation  to  pancreatic  activity,  to  com- 
pare the  systemic  effects  produced  by  injections  of  this  last  preparation 
with  those  of  other  extracts.  The  amount  of  fresh  liver  substance  taken 
for  extractive  purposes  was  about  one-quarter  of  the  organ,  to  which  was 
added  150  c.c.  of  extracting  fluid.  The  brain  of  a  medium-sized  dog 
compares  closely  with  this  in  bulk  as  well  as  in  percentage  of  water.  We 
macerated  the  brain  with  110  c.c.  of  extracting  fluid,  so  that  bulk  for 
bulk  the  solutions  were  approximately  equal,  putting  aside  the  question 
of  their  respective  yields  on  attempts  at  extraction.  The  first  dose  of 
brain  extract  used  was  10  c.c.  and  with  a  slight  fluttering  and  prelim- 
inarv'  rise  of  blood  pressure  the  dog  almost  instantly  died.  The  doses  of 
liver  and  other  tissue  extracts  were  10  c.c.  and  more.  The  next  dose 
of  brain  extract  was  5' c.c,  and  with  a  marked  fall  of  blood  pressure  this 
animal  died  at  once,  though  nothing  had  been  previously  injected  into 
him.  The  next  dose  administered  was  1  c.c.  of  extract  in  10  c.c.  HgO, 
and  again  a  fresh  animal  at  once  died;  and  finally  we  injected  0.25  c.c. 
diluted  with  10  c.c.  of  Avater,  and  though  the  blood  pressure  fell  alann- 
ingly  and  it  seemed  by  the  cardiac  inhibition  and  small  excursion  of 
pulse  that  this  animal  would  also  succimib,  the  blood  pressure  rose  again 
and  the  animal  seemed  to  recover.  However,  after  one  or  two  injections 
of  secretin  and  adrenalin,  which  had  been  well  borne  in  nearly  every  other 
instance,  this  dog  also  suddenly  died,  apparently  from  injury  due  to  the 
first  injection. 

It  is  interesting  to  note  that,  notwithstanding  the  powerful  and 
almost  lethal  effect  of  even  a  small  dose  of  the  watery  extract  of  brain 
tissue,  absolutely  no  effect  could  be  detected  on  the  flow  of  pancreatic 
juice,  which  continued,  as  we  had  frequently  observed  before,  when  the 
animal  was  moribund. 

That  the  inhibitory  action  of  the  pituitary  is  therefore  not  a  function 
of  nervous  tissue  in  general  is  clearly  seen,  because  the  mass  of  the  brain 
as  compared  Avith  that  of  the  diminutive  pituitary  bodies  is  very  great, 
and  the  effect  of  its  extract,  if  potent,  should  be  both  actually  and  rela- 
tively greater.  Moreover,  the  pituitary  gland  and  brain  substance  are, 
of  course,  in  the  most  intimate  contact,  and  were  this  activity  of  the  hy- 
pophysis common  to  other  higher  nervous  tissue  it  is  almost  inconceivable 
that  it  should  be  so  sharply  differentiated  in  our  work.  Whether  every 
part  of  the  brain  would  act  similarly  in  extract,  or  whether  in  such  a 
gross  method  of  extraction  we  have  diluted,  beyond  evident  potency,  tis- 
sues from  other  active  regions,  is  problematic. 

In  view  of  the  relation  which  the  pituitary  is  supposed  to  bear  to  the 
testes,  as  evidenced  by  those  cases  of  acromegaly  in  which  a  lesion  is  dem- 
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onstrabic  in  the  liypophysis,  and  testicles  also,  it'  seemed  advisable  to  try 
the  effect  of  extracts  from  testicular  tissues,  although  the  immediate 
physiologic  effect  of  these  on  the  circulation  and  economy  in  general  has 
been  extensively  studied  by  Dixon.  We  macerated  two  dog  testes  freed  of 
their  epididjTnes  and  then  ground  them  up  as  before,  \nth  sand  and 
mortar,  finally  adding  a  total  of  78  c.c.  of  normal  salt  solution.  The 
whole  was  then  meshed  through  linen  and  injected  in  the  usual  manner, 
but  no  effect  on  the  flow  of  juice  was  noticeable,  whatever  the  time  of  the 
injections. 

Our  purpose  in  making  glandular  extracts  of  our  own  was  two-fold. 
In  the  first  place,  such  a  procedure  was  necessary  to  give  us  the  material 
we  needed  to  widen  the  scope  of  our  work;  and,  in  the  second  place,  it 
seemed  advisable  to  test  whether,  by  the  methods  we  used,  we  could 
extract  the  features  of  certain  glands  which  are  known  to  be  present  in 
them.  Failing  in  that,  it  could  hardly  be  assumed  that  we  were  capable 
of  extracting  the  active  features  of  other  parts ;  but  if,  on  the  other  hand, 
we  were  successful,  it  could  be  reasonably  believed  that  in  the  tissues 
under  consideration  no  active  substance  was  present,  or  that,  if  present, 
it  was  not  susceptible  of  extraction  by  these  methods.  We  desire  to  be 
understood,  therefore,  as  claiming,  not  that  this  observed  antagonism  of 
action  is  one  positively  peculiar  to  two  organs  alone,  but  that  it  is  one 
manifested  by  them  under  certain  conditions  of  treatment  and  a  propertv 
which  we  have  been  unable  to  extend  as  yet  to  other  tissues.  That  a  cer- 
tain degree  of  specificity  is  probable  from  the  evidence  now  at  hand  must 
be  granted.  Whether  further  observation  will  corroborate  or  disprove 
this  it  remains  for  the  future  to  show. 

We  also  experimented  with  atropin.  According  to  the  physiologists, 
atropin  depresses  or  suppresses  practically  every  secretory  activity  in  the 
body  except  that  of  the  kidne}',  and  possibly  the  pancreas.  On  the  flow 
of  pancreatic  juice,  however,  we  were  unable  to  perceive  the  slightest 
effect  from  it.  The  amounts  administered  were  nearer  the  T)hysiolo<nc 
limit  for  a  dog  than  were  the  doses  of  adrenalin,  which  can  be  repeatedlv 
given  in  quantities  of  10  c.c.  at  a  time,  in  the  form  of  the  commercial 
adrenalin  chlorid,  without  much  evident  injury.  Our  records  show  that 
one  of  our  dogs  received  1/300  gr.  atropin  sulphate,  followed  in  a  few 
minutes  by  another  dose  of  1/300  gr.,  without  evident  result  on  the  flow, 
whereas  another  fresh  dog  died  from  what  resembled  paralysis  of  the 
respiratory  center,  apparently  as  the  immediate  result  of  an  injection  of 
1/150  gr.    Atropin  neither  prevented  nor  stopped  the  flow  of  juice. 
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Efforts  were  also  made  to  simulate  with  digitalis  the  rise  in  blood 
pressure  produced  by  adrenalin  and  pituitary  extract,  but  no  effect  of  any 
value  could  be  obtained  in  this  connection, 

"Now  it  is  true  that  to  speak  of  making  an  extract  of  so  highly  organ- 
ized and  differentiated  a  structure  as  the  liver,  not  to  mention  the  brain, 
seems  crude;   but  it  is  also  true  that  in  considering  such  a  problem  as 
we  have  here  we  must  first  begin  with  the  lowest  terms  and  with  such 
methods  as  are  compatible  with  our  knowledge  of  the  subject.     Having 
found  in  two  organs  some  active  substance  which  can  be  extracted  by 
their  treatment  with  salt  solution,  we  are  driven  to  applying  the  same 
methods  to  other  parts  of  the  economy  if  we  would  learn  more  of  its 
extent  and  distribution.    It  can  well  be  urged  that  in  different  sites  the 
same  property  or  different  properties  require  different  methods  of  extrac- 
tion, and  that  treatment  with  water  or  glycerin  in  one  instance  will  not 
effect  the  same  result  in  another.  N"evertheless,  we  have  indubitable  proof 
that  both  water  and  glycerin  can  extract  certain  of  their  activities  from 
several  organs,  as,  for  example,  the  suprarenal  and  thyroid  glands  respec- 
tively, and  we  also  have  equal  proof  that  from  other  regions  of  the  body 
can  be  derived  substances  of  such  toxicity  that  an  animal  subjected  to 
their  action  immediately  succumbs.     Just  which  of  their  numerous  in- 
gredients'are  responsible  for  these  properties  we  are  often  unable  accu- 
rately to  say,  and  it  is  even  a  disputed  point  as  to  what  factor  in  the 
extraction  of  nervous  tissue  produces  the  profound  depression  of  the  vas- 
cular system  which  is  followed  by  death.    That  the  same  methods  of  at- 
tack,  under   such   circumstances,    should   therefore    necessarily    appear 
superficial  and  crude  follows  perforce.     When  we  consider  how  easy  of 
extraction  by  almost  identical  means  is  that  principle  of  the  adrenals 
with  which  we  are  most  familiar,  namely,  the  blood-pressure-raising  ele- 
ment, it  seems  astounding  that  its  discovery  should  date  from  a  period 
so  recent  as  1894;  and  if  it  be  borne  in  mind  that  such  methods  in  that 
instance  furnished  striking  knowledge  and  that  we  have  progressed  little 
since  then  in  our  knowledge  of  the  functions  of  the  suprarenals  them- 
selves, the  methods  necessary  in  dealing  with  such  an  unknown  subject 
appear  less  general  and  more  definitely  specific. 

"We  hope  to  be  able  to  investigate  this  antagonism  of  action,  after 
separating  the  pancreas  from  its  nerve  supply,  as  thoroughly  as  possible, 
since  it  may  well  be  that  the  effects  noted  result  from  the  mediation  of 
the  sympathetic  system.  It  is  of  some  interest  to  consider  here  briefly 
a  few  points  in  the  morphology  of  the  suprarenals  and  the  pituitary  in 
their  relation  to  our  observations.     It  has  been  shown^-  ^'  "  that  the 


10.  Dixon:      Jour.  Physiol.,   Cambridge,   1900-1901,  xxvi. 
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classic  effects  of  adrenalin  are  produced  in  large  part  by  its  action  on  the 
sympathetics,  and  wherever  we  test  its  action,  in  respects  other  than 
those  under  consideration,  we  find  the  results  identical  with  those  ob- 
tained by  stimulation  of  this  system  of  nerves  and  ganglia.  The  supra- 
renal s  are  derived  morphologically  from  two  sources,  the  cortex  coming 
from  the  mesoblastic  tissue  and  the  medulla  from  a  direct  outgrowth  of 
the  sj-mpathetic  system.  As  evidence  of  the  latter  we  find  in  many  of  the 
lower  orders  distinct  nervous  tissues  consisting  of  neurogliar  cells,  which 
are,  however,  harder  to  differentiate  in  man;  indeed,  in  certain  forms, 
viz.,  teleostean  fishes,*  the  two  parts,  medulla  and  cortex,  remain  separate 
through  life.  Xow,  an  interesting  corollary  to  our  observed  analog}'  of 
action  between  the  suprarenals  and  the  pituitary  is  the  fact  that  mor- 
phologically we  could  reasonably  conceive  of  these  two  organs  as  having 
something  in  common.  The  pituitary  body,  like  the  suprarenals,  consists 
of  two  parts,  and  again  like  the  adrenals,  each  part  has  a  separate  de- 
rivation. The  anterior  lobe  has  its  origin  from  one  of  the  branchial 
clefts  in  a  pouch  of  buccal  mucous  membrane.^^  The  posterior  is  de- 
rived, like  the  medulla  of  the  adrenal,  from  the  ectoderm.  It  comes  from 
the  floor  of  the  third  ventricle,  to  which  it  remains  attached  by  a  stalk, 
viz.,  the  infundibulum.  According  to  some,  the  larger  anterior  lobe  has 
two  sources,  the  primitive  oral  tissue  in  early  life  and  the  anterior  por- 
tion of  the  alimentary  canal. ^-  Wiederscheim^'  says  that  "the  secretion 
from  the  pituitary  gland  formerly  passed  into  the  ventricles,  and  one 
of  the  more  recent  theories  assumes  that  the  pituitar}'  corresponds  to 
the  primitive  mouth  (palaeostoma)  of  the  proto-vertebrata,  which  to  a 
greater  or  less  extent  is  represented  by  the  combined  impaired  nasal  and 
pituitar}'  passage  of  cyclostomes."  In  certain  mammals  there  can  yet  be 
seen  evidences  of  the  passage  which  connected  the  anterior  part  with  the 
posterior  part  and  thence  with  the  third  ventricle.^^  These  facts  by 
themselves  are  of  interest,  and  in  connection  with  our  observations  they 
are  not  in  discord.  That  an  organ  so  anatomically  remote  as  the  pituitar}- 
should  have  a  definite  influence  on  a  gland  in  possible  morphological 
relation  to  it  is  therefore  less  surprising. 

As  with  the  adrenals,  it  is  that  part  derived  from  the  nervous  system 
which  gives  rise  to  the  blood-pressure  as  well  as  the  inhibitory  element. 
For  neither  the  epithelial  portion  of  the  pituitary  nor  the  cortex  of  the 
suprarenals,  however,  is  there  any  recognized  function.     The  two  parts 

11.  Herring:     Jour.  Phvsiol.,  Cambridge,  xxxvi,  Xo.  6. 

12.  Stengel :     Text-Book  of  Pathology,  Philadelphia,  Saunders,  1906.    Davidoff, 
Bdhm:     Text-Book  of  Histology,  HubeV,  1900,  p.  380. 

13.  Wiederschcim :     Comparative  Anatomy  of  Vertebrates,  Parker,  1897,  p.  15.5 
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of  the  pituitary  can  be  worked  up  and  extracted  separately,  as  noted 
above,  but  this  has  not  yet  been  possible  with  the  adrenal,  so  far  as  its 
inhibitory  action  is  concerned,  although  from  the  suggestive  analogies 
between  these  two  organs  and  the  very  evident  limitation  of  the  inhib- 
itory feature  of  the  pituitary  to  its  nervous  moiety,  it  seems  probable 
that  the  adrenalin  inliibition  has  the  same  point  of  origin  as  the  blood- 
pressure  factor,  viz.,  the  medulla;  still,  this  can  not  be  postulated  at 
present,  and  it  may  be,  indeed,  that  we  have  here  an  expression  of  one 
of  the  functions  of  the  suprarenal  cortex. 

Since  the  completion  of  our  experiments  some  work  has  been  reported 
by  Botazzi,  D'Errico  and  Jappeli,^*  in  which  they  obtained  an  inhibition 
of  flow  from  the  salivary  gland  by  painting  it  with  adrenalin.  Stimula- 
tion of  the  chorda  t3Tnpani  then  failed  to  give  a  response.  Without  ques- 
tioning the  accuracy  of  their  findings,  which  are  at  variance  with  the 
work  quoted  by  Cushny,  the  question  as  they  present  it  does  not  argue  an 
inhibitory  action  on  the  salivary  gland  analogous  to  that  obser\"ed  by  us 
on  the  pancreas.  In  the  first  place,  they  are  dealing  with  a  gland  ex- 
cited by  purely  nervous  means  and  not  by  a  chemical  substance  which 
reaches  it  through  the  blood.  Again,  and  more  important,  the  inhibited 
salivary  gland  is  stated  by  the  above  Italian  workers  to  be  in  the  highest 
degree  anemic  after  local  application,  a  condition  in  which  it  is  hard  to 
conceive  of  its  having  an  activity  of  any  sort,  since  it  is  for  the  time 
being  out  of  commission.  This  is,  of  course,  in  no  way  comparable  to 
the  action  of  adrenalin  on  the  pancreas  (if  its  action  is  on  the  pancreas) 
when  the  flow  of  juice  in  the  latter  organ  is  inhibited  by  a  systemic  in- 
jection into  the  jugular  vein.  And,  furthermore,  this  view  of  the  matter 
does  not  explain  the  action  of  the  pituitary  which  has,  as  far  as  we  know, 
no  such  reported  action  on  glands.  Finally,  to  ascribe  to  an  ischemia 
of  the  pancreas  the  inhibition  of  pancreatic  flow  after  jugular  injection 
of  a  small  dose  of  adrenalin,  supposes  that  most  or  all  of  the  organs  of 
the  body  become  anemic  to  such  a  degree  that  they  can  no  longer  act, 
which  is  stretching  a  hypothesis  bej'ond  the  facts  to  support  it. 

It  is  somewhat  immaterial,  however,  whether  adrenalin  acts  on  the 
pancreas  alone  or  also  on  other  organs,  since  the  point  of  interest  is  that 
in  affecting  it  at  all  in  this  way  it  affects  the  one  gland  of  the  body  whose 
connection  with  diabetes  is  best  established.  That  it  might  also  affect 
certain  other  analogous  structures  with  inhibition  would  not  be  surpris- 
ing, though  the  evidence  now  is  against  it. 

14.  Botazzi,   D'Errico    and   Jappeli:      Physiol.    Inst.    Univ.,    Naples;    Biochem. 
Ztschr.,  January,   1908,  vii,  431. 
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One  feature  of  our  work  demands  some  notice  and  is  of  suggestive 
interest.  On  the  day  when  we  experimented  with  the  pituitary  and 
suprarenal  extracts  of  our  own  manufacture  we  made  our  first  injections 
about  1  p.  m.  The  preparations  used  for  this  purpose  had  been  made 
between  10  a.  m.  and  12  m.  from  the  animals  killed  early  that  morning 
as  noted.  The  samples  of  suprarenal  extract  first  injected  were  vigor- 
ously active.  Because  of  press  of  work  under  the  desire  to  utilize  our 
preparations  before  they  were  affected  by  decomposition,  we  were  unable 
to  use  the  pituitary  extracts  before  evening,  about  8  p.  m.  Although 
tried  then  for  the  first  time,  about  eight  hours  or  more  after  their  manu- 
facture, they  acted  vigorously,  as  stated.  On  endeavoring  to  repeat  with 
the  suprarenal  extracts  our  work  with  them  of  the  early  afternoon,  how- 
ever, we  were  able  to  get  no  inhibitory  action,  although  the  blood  pressure 
was  still  raised.  To  control  this  conflicting  observation  we  tried  a  prep- 
aration of  adrenalin  made  some  weeks  previously  from  the  dried  extract 
of  the  suprarenal  gland  put  on  the  market  by  Parke,  Davis  &  Co.  in 
small  grain  vials  and  said  to  be  free  from  preservatives.  This  solution 
corresponded  purposely,  in  adrenalin  strength,  to  the  usual  commercial 
article  containing  the  preservative  chloretone.  It  was  remarked  by  one 
of  us  immediately  prior  to  the  injection,  while  filling  the  syringe,  that 
the  solution  showed  a  slight  mould.  It  had  been  used  many  times  before 
and  had  in  every  instance  been  powerfully  and  emphatically  active, 
though  there  had  been  a  lapse  of  perhaps  a  week  since  its  last  use.  To 
our  surprise,  this  preparation  raised  the  blood  pressure  decidedly,  but 
was  absolutely  without  influence  on  the  flow  from  the  pancreas.  We 
then  tried  an  injection  of  the  commercial  adrenalin  chlorid  solution,  also 
some  weeks  old  but  containing  chloretone,  which  both  raised  the  blood 
pressure  and  inhibited  the  flow,  as  we  had  repeatedly  observed  before. 

The  absolute  significance  of  these  observations  can  not  be  established 
until  we  repeat  our  experiments  in  this  particular  connection,  but  the 
most  obvious  and  reasonable  deduction  is  that  the  extracts  from  the 
suprarenal  glands  contain  two  or  more  substances,  one  of  which  acts  on 
the  blood  pressure  and  one  of  which  acts  to  inhibit  the  flow  of  juice.  The 
former  of  these  seems  the  more  stable  of  the  two  and  resists  decomposi- 
tion for  a  considerable  time,  but  the  latter  loses  its  activity  very  shortly, 
perhaps  in  a  few  hours.  In  the  instance  of  the  preparations  of  our  own 
manufacture,  from  dog  organs,  the  tissues  and  the  extracts  from  them 
were,  of  course,  contaminated  from  the  start  with  the  ordinary  postmor- 
tem putrefactive  agents,  and  in  order  in  no  way  to  impair  the  efficiency 
of  the  extracts  no  attempt  was  made  to  introduce  preservatives  or  ster- 
ilize them.    The  "dried  extract"  of  the  gland,  however,  was  presumably 
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sterile  to  start  with  and  the  solution  made  from  it  remained  fairly  free 
from  infection  except  in  so  far  as  it  was  contaminated  by  the  initial 
weighing  of  the  dry  powder.  Sterile  salt  solution  was  added  to  this 
and  the  solution  kept  on  ice  in  a  corked  bottle,  the  only  further  con- 
taminating agent,  bej'ond  contact  with  the  air  when  the  cork  was  re- 
moved, being  the  needle  of  the  syringe.  This  was  always  thoroughly 
cleansed  with  water  after  each  injection,  though  not  sterilized.  Under 
these  circumstances  decomposition  would  surely  proceed  rapidly  from  the 
start  in  the  case  of  our  dog  preparations,  but  slowly  in  the  case  of  the 
others.  "We  can  offer  no  explanation  for  the  apparently  greater  stability 
of  the  pituitary  inhibitory  factor  except  that  the  pituitary  glands,  being 
small,  were  easily  mashed  in  a  small  agate  mortar  and  quickly  transferred 
to  small  flasks,  while  the  suprarenals  required  longer  and  more  vigorous 
treatment  wdth  sand  in  a  mortar,  had  also  first  been  run  through  a  hash 
machine,  and  were  hence  more  open  to  infection. 

The  process  which  operated  to  destroy  the  activity  of  these  prepara- 
tions may  be  simply  that  of  decomposition  by  putrefactive  organisms, 
or  it  may  be,  on  the  other  hand,  of  an  oxidative  nature  more  like  that  to 
which  Bayliss  and  Starling  have  ascribed  the  slow  deterioration  of  secre- 
tin and  its  more  rapid  loss  of  activity  on  evaporation  in  efforts  to  con- 
centrate it.  All  the  points  here  suggested  are  yet  to  be  worked  out,  how- 
ever, in  their  relation  to  our  work. 

We  are  by  no  means  sure,  at  the  present  writing,  of  the  full  interpre- 
tation of  the  results  under  discussion.  They  are  but  the  earliest  steps  in 
a  line  of  work  on  which  further  observations  may  throw  much  light. 
They  seem  to  us,  however,  to  be  very  suggestive  in  their  possible  bearing 
on  other  interglandular  relations,  on  the  medium  in  which  these  are 
maintained,  and  possibly  on  a  new  conception  of  the  interdependence 
of  various  organs  now  the  subject  of  speculation.  For  these  reasons  it 
seemed  advisable  to  publish  our  results  at  this  stage  and  make  their 
further  amplification  the  subject  of  later  contributions. 

In  studying  the  records,  and  indeed  through  a  consideration  of  all 
our  work,  it  must  be  borne  in  mind  that  we  are  dealing  with  a  balance  of 
power  between  various  factors,  no  one  of  which  is  susceptible  of  exact 
definition  or  measurement.  As  with  the  study  of  the  pharmacologic 
action  of  drugs,  there  must  be  taken  into  consideration,  besides  the  size 
of  the  dose,  the  activity  of  the  organ  under  consideration,  and  the  condi- 
tion and  size  of  the  animal  as  a  whole.  "What  may  be  quite  sufficient 
markedly  to  affect  one  animal  may  be  altogether  inadequate  in  the  treat- 
ment of  another. 
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Popielski"  has  recently  taken  issue  with  Bayliss  and  Starling  as  to 
the  method  of  action  on  the  pancreas  of  acid  extracts  of  the  intestinal 
mucosa  and  indeed  as  to  the  existence  of  secretin  at  all,  as  a  specific 
excitor.  He  also  claims  to  be  able  to  produce  pancreatic  activity  with 
extracts  of  stomach  and  large  intestine.  The  main  point  of  discussion 
in  this  controversy  is  somewhat  beside  our  present  issue,  though  there 
are  a  number  of  incidental  features  which  have  a  close  relation  to  some 
observations  of  our  own. 

Popielski  thinks  that  the  secretion  of  pancreatic  juice  after  excita- 
tion by  secretin  is  dependent  on  a  fall  of  blood  pressure  and  that  if  the 
blood  pressure  be  maintained  high  no  flow  results.  He  uses  adrenalin 
to  raise  the  blood  pressure  and  notes  wtth  the  high  pressure  that  there 
is  no  flow.  He  concludes  also,  as  an  incidental  point,  that  adrenalin,  in 
itself,  does  not  inhibit  pancreatic  activity.  He  considers  that  stimulation 
of  the  pancreas  by  secretin  and  stimulation  by  HCl  in  the  duodenum  are 
different  processes.  Now,  it  seems  to  us  that  our  work  throws  some  light 
on  several  of  these  questions.  In  the  first  place,  we  have  obtained  some 
further  results  with  adrenalin  (already  mentioned  and  to  be  referred  to 
again  presently) .  Popielski's  use  of  it  seems  to  have  been  solely  to  raise 
the  blood  pressure.  In  so  doing  he  has  apparently  overlooked  the  other 
feature  of  it,  for,  while  he  notes  incidentally  that  it  does  stop  the  pan- 
creatic flow,  he  thinks  this  phenomenon  due  to  the  high  blood  pressure 
and  not  to  the  adrenalin  proper.  He  specifically  states  that  adrenalin 
in  itself  does  not  influence  the  flow  of  juice.  Xow,  as  we  mentioned 
above,  one  of  our  series  of  experiments  conclusively  proves  that  it  is 
possible  to  obtain  a  flow  after  the  injection  of  secretin,  despite  the  fact 
that  the  blood  pressure  is  raised  to  a  high  point.  We  refer  to  those 
observations,  happened  on  by  chance,  in  which  exposure  to  air  and 
apparent  decomposition  had  destroyed  the  inhibitory  factor  of  a  solution 
of  adrenalin,  but  allowed  the  blood  pressure  element  still  to  act.  What- 
ever the  true  explanation  of  this — and  we  offer  nothing  positive  on  this 
point — it  is  a  fact  that  on  several  occasions  such  a  solution  distinctly 
raised  the  blood  pressure  sometimes  to  a  verj'  high  point,  and  yet  the 
juice  flowed.  To  have  noted  this  once  would  be  sufficient  to  prove  it  pos- 
sible. We  have  a  number  of  such  records.  Xot  only  does  this  prove  that 
it  is  not  the  blood-pressure  element  alone  of  adrenalin  which  affects  the 
flow  of  juice,  but  it  also  proves  that,  as  just  stated,  a  flow  may  take 
place  following  secretin  when  the  pressure  is  high  and  that,  therefore,  a 
low  blood  pressure  is  not,  as  Popielski  claims,  a  feature  necessary  to  it. 


15.  Popielski:     Arch.  f.  d.  ges   Physiol.,  1907,  cxx,  4.)1;  1908,  cxxi,  239. 


18 

His  findings  in  regard  to  the  failure  of  atropin  to  affect  the  flow  are 
in  agreement  with  ours,  viz.,  that  no  inhibition  results  from  it.  We  have 
as  yet  been  unable  to  effect  a  secretion  from  the  pancreas  by  the  injection 
of  extracts  of  other  tissues,  though  we  have  not  yet  tried  those  particular 
tissues  (i.  e.,  stomach  and  large  intestine)  used  by  Popielski.  He  states 
that  a  watery  solution  is  sufficient  to  extract  the  exciting  factor,  and  we 
used  also  water  and  normal  salt  solution  in  our  work.  We  obtained  no 
flow,  but,  on  the  contrary,  from  certain  tissues,  as  mentioned  above,  we 
obtained  an  inhibition.  We  also  made  an  acid  extract  of  the  pancreas 
with  0.4  per  cent.  HCl,  and  treated  the  whole  exactly  as  we  did  a  coinei- 
dently  prepared  and  active  solution  of  secretin.  No  flow  resulted,  how- 
ever, from  the  acid  extract  of  pancreas. 

It  should  be  mentioned  also  that  after  section  of  both  vagi  we  still 
obtained  the  inhibitory  effect  from  suprarenal  and  pituitary  extracts. 

Some  further  interesting  observations  have  recently  appeared  which 
deserve  reference.  Fleig^®  reports  on  the  physiologic  properties  and 
toxicity  of  normal  pancreatic  juice  and  that  provoked  artificially.  He 
considers  as  normal,  juice  elaborated  under  the  influence  of  chyme 
secreted  through  a  duodenal  fistula  in  an  otherwise  sound  dog  and  then 
injected  into  the  duodenum  of  the  dog  whose  pancreas  is  under  considera- 
tion. The  quantities  of  chyme  required  under  these  circumstances  are 
considerable  (20  to  30  c.c.)  and  they  must  be  repeatedly  injected  (every 
ten  to  twenty  minutes)  to  induce  a  proper  flow.  The  secretion  thus  pro- 
voked differs  much  from  that  which  follows  intraduodenal  injections  of 
0.3  per  cent.  HCl,  the  time  required  is  much  greater  and  the  quantity  of 
juice  furnished  "infinitely  less."  Under  the  influence  of  chyme  thus 
conducted  the  juice  remains  very  thick  and  viscid  from  beginning  to  end, 
whereas  juices  secreted  after  more  artificial  stimulation  differ  in  this  and 
other  physiologic  respects  until  after  repeated  injections  of  secretin.  For 
example,  the  pancreatic  juice  may  have  hardly  any  of  its  normal  physical 
characters. 

Xatural  and  artificial  secretions  also  vary  in  their  toxicity  when  in- 
jected into  animals,  the  former  being  more  powerful  in  this  respect.  The 
lowered  toxicity  of  secretin  juices,  Fleig  thinks,  is  in  consonance  with 
their  poor  content  of  solids  rather  than  their  relative  tryptic  inactivity. 
He  says  tliat  the  above  conditions  are  true  also  in  general  of  the  biliary 
and  salivary  secretions. 

Xow  it  seems  to  us  that  the  above  results  are  what  might  be  expected. 
That  a  purely  artificial  and  foreign  substance,  such  as  secretin,  full  of 
other  extraneous  matter  and  differing  itself  not  only  in  quantity  but  in 


16.  Fleig:   Compt.  rend.  Soc.  de  biol.,  May  8,  190.5,  Xo.  15. 
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quality  from  the  normal  pancreatic  excitant,  should  produce  the  same 
juice  as  does  the  slow  extruder  gastric  chyme,  acting  over  perhaps  many 
hours,  seems  unlikely  in  the  highest  degree.  It  would,  indeed,  be  extraor- 
dinary if  tJie  results  of  such  varied  stimulation  were  the  same.  The 
amount  of  excitant  which  reaches  the  pancreas  normally  from  the  duo- 
denum is  surely  a  small  or  moderate  quantity;  that  which  is  injected 
with  secretin  is  not  only  concentrated  in  preparation  from  many  feet  of 
gut,  but  is  injected  in  a  few  seconds  to  spend  its  whole  force  at  once.  It 
is  hard  to  see  how  any  gland  could  long  continue  to  elaborate  a  normal 
product  under  such  vigorous  treatment.  We  hope  to  investigate  shortly 
the  eflfect  of  adrenalin  and  pituitary  extracts  on  the  pancreatic  flow  after 
stimuli  other  than  secretin,  especially  chj-me  from  a  gastric  fistula  in  an 
otherwise  healthy  dbg,  but  it  seems  probable  that  the  principles  are  much 
the  same  on  which  depends  secretion  after  all  of  these  and  that  the  results 
of  such  work  will  be  in  harmony  with  what  we  have  already  seen.  If 
adrenalin  and  pituitary  extract  inhibit  the  sudden  and  violent  initial  flow 
from  secretin,  it  is  conceivable  that  they  would  also  affect  the  mild  re- 
sponse from  other  stimuli.  It  must  be  remembered  that  the  altered 
nature  of  pancreatic  juice  after  secretin  comes  as  the  result  of  protracted 
and  powerful  stimulation  and  not  from  the  initial  dose. 

It  is  interesting  to  note  in  connection  with  onr  work  the  observations 
of  Meyer^"  and  Frouin,^^  which  afford  some  evidence  that  extirpation  of 
the  suprarenals,  after  the  induction  of  diabetes  in  depancreated  animals, 
modifies  the  severity  of  the  diabetes  and  reduces  the  elimination  of  sugar. 

"We  hope  to  concern  ourselves  now  with  the  question  of  the  site  of  this 
antagonism  between  the  pituitary-  and  suprarenal  glands,  on  the  one 
hand,  and  the  pancreas,  on  the  other;  with  the  question  of  whether  it  is  a 
chemical  action,  in  the  general  sense  of  the  word,  which  occurs  in  the 
circulation,  or  whether  it  is  the  result  of  some  influence  exerted  on  the 
pancreas  alone;  or  whether,  again,  it  is  accomplished  through  a  nervous 
mechanism.  The  solution  of  these  problems  should  give  information  of 
value  in  studying  the  influence  of  such  factors  on  the  so-called  "internal 
secretion"  of  the  pancreas,  and  its  relation  to  diabetes.  Whether,  on 
hypodermic  injection,  adrenalin  produces  glycosuria,  which  it  does  in  a 
few  minutes,  by  virtue  of  an  inhibition  of  the  internal  secretion  of  the 
pancreas  analogous  to  the  inhibition'  of  its  external  and  visible  dis- 
charge, is  yet  to  be  investigated.  We  have  been  nnable  to  produce  a 
glycosuria  after  either  the  subcutaneous  or  intravenous  injection  of  4 
c.c.  of  pituitary  extract.     The  solution  used  was  made  for  us  without 

17.  Meyer:    Compt.  rend.  Soc.  de  biol.,  Feb.  14,  1908,  p.  219. 

18.  Frouin:    Compt.  rend.  Soc.  de  biol.,  Feb.  14,  1908,  p.  216. 
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chloretone  by  the  manufacturers,  but  we  have  not  as  yet  controlled  its 
inhibitory  activity  on  the  external  pancreatic  flow  and,  therefore,  can 
not  be  positive  on  this  point. 

It  yet  remains  to  investigate  more  thoroughly  the  degree  of  specificity 
by  trying  the  effects  of  other  tissues  and  other  methods  of  extraction; 
but,  whatever  the  result  of  this,  it  appears  reasonably  certain  that  this 
feature  to  which  we  have  called  attention  is  one  peculiar  to  certain 
structures,  and  from  the  data  now  available  the  expression  of  hitherto 
unknown  properties  of  several  organs. 

In  conclusion,  it  is  a  pleasure  and  a  duty  to  express  our  great  obliga- 
tion to  Dr.  David  L.  Edsall  for  his  constant  and  helpful  interest  in  the 
work,  and  we  also  wish  to  thank  Dr.  John  Marshall  for  many  courtesies 
in  the  loan  and  equipment  of  apparatus. 

CONCLUSIONS. 

1.  The  suprarenal  glands  and  the  nervous  moiety  of  the  pituitary 
body  in  dogs  contain  something  which,  on  extraction  with  salt  solution 
and  intravenous  injection  into  dogs,  cuts  short  the  flow  of  pancreatic 
juice,  after  the  administration  of  secretin.  It  also  prevents  the  stimula- 
tion of  the  gland  by  secretin  if  its  injection  precedes  the  secretin. 

2.  This  feature  has  been  found,  to  date,  in  no  other  tissues. 

3.  It  is  independent  of  the  general  rise  in  blood  pressure  seen  after 
the  intravenous  injection  of. adrenalin  and  pituitary  extracts. 

4.  The  inhibitory  factor  of  extracts  of  the  suprarenal  glands  seem  to 
disappear  by  decomposition,  oxidation,  or  other  process,  before  the  blood- 
pressure  raising  element  is  gone.  It  would  appear  that  the  suprarenal 
and  the  pituitary  bodies  have  at  least  one  property  other  than  tliose 
qualities  generally  recognized  as  present  in  them. 

1953  Locust  Street. 


ADDENDUM. 

Tlie  accompanying  records  are  illustrative  of  this  article.  They 
show  the  inhibitory  effects  of  the  intravenous  injection  of  extracts  of 
the  suprarenal  and  pituitary  bodies  into  dogs  whose  pancreatic  juice  has 
been  excited  by  secretin. 

It  is  to  be  regretted  that  it  is  impossible  to  reproduce  more  of  the 
records,  especially  those  which  illustrate  the  prevention  of  excitation  of 
pancreatic  flow  when  the  dose  of  secretin  is  preceded  by  an  injection  of 
suprarenal  or  pituitary  extract.  Under  these  circumstances  the  inhibi- 
tion is  more  marked,  but  its  proper  exposition  requires  the  consideration 
of  a  number  of  lengthy  control  records  whose  publication  is  imprac- 
ticable. This  is  also  true  of  those  records  which  illustrate  the  inhibitory 
factor  of  suprarenal  extracts  as  something  apart  from  the  effect  on  blood 
pressure.  The  reproduction  of  still  other  features  is  omitted  for  the 
same  reason. 

In  the  accompanying  chart  the  upper  line  in  each  series  of  tracings 
represents  the  respiration  as  recorded  by  a  manometer  in  the  trachea; 
tlie  next  line  represents  the  blood  pressure  as  recorded  by  a  manometer 
in  the  femoral  artery;  the  line  next  to  the  lowest  marks  the  time  in 
seconds,  and  the  lowest  line  records  the  injection  of  secretin  and  the  in- 
jection of  extracts,  both  of  which  are  marked  by  a  triple  interruption 
of  its  continuity.  This  line  also  marks  the  flow  of  pancreatic  juice,  each 
isolated  interruption  indicating  the  flow  of  the  juice  past  a  division 
marked  on  a  glass  canula  introduced  into  the  pancreatic  duct. 

It  should  be  stated  for  a  proper  understanding  of  the  records  that 
the  normal  response  to  the  given  dose  of  secretin  is  a  prolonged  flow  of 
pancreatic  juice,  lasting  sometimes  many  minutes,  in  contrast  to  which 
the  accompanying  records  of  flow  show  a  distinct  slowing  and  early  ces- 
sation. Space  will  not  permit  of  the  reproduction  of  such  a  lengthy  trac- 
ing as  the  normal. 

The  upper  series  of  tracings  shows  the  stoppage  of  pancreatic  flow  by 
an  extract  of  the  pituitary  body  of  dogs,  with  a  coincident  high  rise  in 
blood  pressure. 

The  middle  series  shows  the  same  following  an  injection  of  adrenalin. 

Tlie  lowest  series  shows  the  inhibitory  effect  following  an  injection 
of  pituitary  extract  with  a  very  slight  rise  in  blood  pressure. 
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EXPERIMENTAL   OBSERVATIONS   ON    SECRETIN. 

WITH   SPECIAL   REFERENCE    TO    DIABETES   AND   MALNUTRITION.* 
J.    EDWIN   SWEET,  M.D. 

AND 

RALPH   PE>LBERTON,   M.D. 

PHELADEtPHIA. 

The  work  of  Bayliss  and  Starlingf  in  ascribing  pancreatic  activity 
to  so-called  "secretin,"  a  product  of  union  of  the  acid  chyme  and  intes- 
tinal epithelium,  has  opened  a  new  field  of  research  in  certain  branches 
of  pathologic  physiolog}'.  It  has  been  known  for  some  time  that  the 
introduction  of  acid  into  the  duodenum  would  be  followed  by  a  flow 
of  pancreatic  juice,  but  this  had  always  been  ascribed,  even  by  Pawlow, 
to  a  nervous  mechanism.  It  remained  for  Bayliss  and  Starling  to  show, 
by  a  series  of  elaborate  experiments  in  which  they  completely  separated 
the  gland  from  all  innervation,  that  the  pancreas  responded  to  some- 
thing which  was  formed  when  the  hydrochloric  acid  of  the  ch}Tne  came 
in  contact  with  the  mucosa  of  the  upper  part  of  the  intestine. 

This  substance,  they  proved,  was  normally  absorbed  where  formed, 
and  carried  by  the  blood  to  the  pancreas,  which  it  at  once  caused  to 
secrete.  Certain  other  substances  were  found  to  unite  similarly  with  the 
mucosa  and  produced  the  same  results.  The  ultimate  nature  of  this 
exciting  agent  is  not  yet  known,  but  it  appears  to  be  a  fairly  stable  chem- 
ical compound  which  can  be  extracted  with  alcohol  and  resists  boiling, 
proving  quite  conclusively  that  it  is  not  in  the  class  of  ferments,  as 
we  ordinarily  understand  that  term.  The  discoverers  of  this  compound 
named  it  secretin,  and  to  the  contributory  factor  resident  in  the  epi- 
thelium they  gave  the  name  prosecretin. 

The  question  of  glandular  action  by  chemical  messenger  or  "hormone" 
is  one  of  much  impori;ance  and  possibly  of  wide  application  to  many 
physiologic  processes  hitheri:o  pooriy  understood,  especially  where  no 
clearly  demonstrable  nervous  mechanism  is  concerned ;  thus  Edkins^  has 
described  an  analogous  mechanism  which  seems  responsible,  in  some  part, 
for  gastric  secretion. 

In  connection  with  secretin,  it  has  been  thought  by  some  that  since 

•  From  the  Pepper  Laboratory  of  Clinical  Medicine  and  Laboratory  of  Experi- 
mental Surgery,  University  of  Pennsylvania. 

t  Recent  Advances  in  Physiology  of  Digestion,  by  E.  H.  Starling,  Chicago;  W. 
T.  Keener  A  Co.,  1906. 

1.  Jour.  Anat.  and  Physiol.,  Lond.,  1906,  xxxiv,  133. 
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it  causes  an  external  secretion  of  the  pancreas,  it  might  also  induce  an 
internal  secretion  having  some  relation  to  diabetes.  Work  has  been  done 
on  this  line  to  which  we  shall  have  occasion  to  refer  later.  It  seemed  to 
the  present  authors,  however,  that  apart  from  any  specific  property  of 
secretin  or  prosecretin,  its  precursor  in  the  intestinal  mucous  membrane, 
such  a  fundamental  feature  of  pancreatic  activity  must  be  of  wider  sig- 
nificance. To  find  pancreatic  secretion  referable  to  a  definite  and  well 
localized  substance  occurring  in  a  certain  place  only,  suggests  the  query, 
"WTiat  would  happen  if  this  substance  were  lacking?"  As  a  function  of 
the  animal  economy  it  must  be  subject  to  disturbances,  and  such  disturb- 
ances might  be  of  the  utmost  importance  to  health. 

Cohnheim-'  ^  has  shown  that  perhaps  the  most  important  of  our  di- 
gestive functions,  proteolytic  digestion,  takes  place  not  alone  by  virtue 
of  the  pancreatic  juice,  but  also  by  means  of  certain  other  ferments 
(which  act  in  the  mucosa  of  the  small  intestine),  and  Vernon*  seems  to 
have  proved  that  this  same  ferment  action  occurs  in  the  other  tissues 
of  the  body  as  well ;  but,  however  this  may  widen  our  conceptions  of  tis- 
sue destruction  and  construction,  there  can  be  no  doubt  of  the  prime 
importance  of  the  pancreas  and  its  juice  for  the  purposes  of  intestinal 
digestion,  not  only  of  proteid,  but  also  of  the  other  elements  of  our  diet. 
A  failure  of  this  secretion  would,  in  the  nature  of  things,  lead  us  to 
expect  a  condition  of  perverted  nutrition.  It  is  true  that  Pawlow  has 
produced  permanent  pancreatic  fistulas  in  dogs  which  survived  for  some 
time  after  the  operation,  but  they  were  fed  on  special  diet,  with  special 
care,  in  order  that  digestion  and  assimilation  might  take  place. 

With  these  facts  in  mind  it  occurred  to  us  that  it  might  be  possible 
to  demonstrate  a  deficiency  or  absence  of  these  excitors  of  pancreatic  ac- 
tivity in  various  conditions  of  malnutrition,  and,  perhaps,  establish  some 
etiologic  relationship.  EdsalP  proposes  the  same  thing  in  connection 
with  some  suggestive  work  by  him  on  the  role  played  in  these  same  per- 
verted states  by  the  ferment  eropsin,  mentioned  above  as  being  resident 
in  the  small  intestine  and  first  discovered  by  Cohnheim.  Some  time  since 
we  began  our  work  Wentworth"  reported  some  cases  of  marasmus  in 
which  he  found  no  evidence  of  prosecretin,  and  he  regards  this  deficiency 
as  the  cause  of  the  disease.  We  will  refer  to  this  work  later.  Bain- 
bridge  and  Beddard^  have  reported  six  cases  of  diabetes  which  they  inves- 
tigated for  the  presence  of  prosecretin  with  similar  negative  results. 

2.  Ztschr.  f.  physiol.  Chem.,  Strassb.,  1901,  xxxiii,  451. 

3.  Ztschr.  f.  physiol.  Chem.,  Strassb.,  1902,  xxxv,  134. 

4.  Jour.  Anat.  and  Physiol.,  Lond.,  1904,  xxxii,  33. 

5.  The  Journal  A.  M.  A.,  1907,  xlviii,  1469. 

6.  Jour.  A.  M.  A.,  1907,  xlix,  204. 

7.  Bio.-Chem.  Jour.,  Liverp.,  1906,  i,  429-445. 


We  originally  meant  to  work  on  the  line  of  pathologic  physiology 
indicated  above,  but  on  attempting  to  establish  some  standard  of  normal 
action  we  encountered  so  many  points  of  interest  and  diflBculty  that  we 
had  first  to  undertake  a  considerable  series  of  purely  physiologic  experi- 
ments.   It  is  the  result  of  these,  chiefly,  that  we  wish  to  discuss. 

We  began,  therefore,  with  efforts  to  excite  the  pancreas  in  dogs  in 
which  a  temporary  pancreatic  fistula  had  been  formed.  We  injected  into 
them,  through  either  the  jugular  vein  or  a  vein  of  the  hind  leg,  material 
obtained  at  the  autopsy  table,  from  various  pathologic  subjects.  Our 
methods  of  work  were  essentially  as  outlined  by  Bayliss  and  Starling, 
and  as  far  as  possible,  except  where  otherwise  indicated,  we  endeavored 
to  duplicate  the  conditions  of  each  experiment  in  the  attempt  to  be  uni- 
form. The  human  autopsy  material  was  obtained  in  most  instances  as 
soon  as  possible  after  death,  and  the  periods  elapsing  between  death, 
autopsy  and  preparation  of  extract  noted.    They  appear  in  the  protocols. 

The  mucous  membrane  was  scraped  from  the  upper  four  to  six 
feet  of  the  small  intestine  with  a  piece  of  plate  glass  having  a  smooth 
edge,  after  the  gut  had  been  opened,  washed  in  plain  tap  water  and 
drained  as  well  as  possible.  It  was  found  that  the  nature  of  the  gut 
varies  considerably  in  different  individuals,  making  it  very  difficult  at 
times  to  remove  the  epithelial  lining.  In  certain  elderly  subjects  the 
membrane  seems  to  be  firmly  adherent,  requiring  firm  pressure  in  scrap- 
ing to  separate  it,  while  in  younger  individuals  it  is  removed  with  less 
difficulty,  though  rarely  giving  much  bulk  of  material.  In  this  respect 
the  human  gut  differs  radically  from  that  of  the  dog,  sheep  and  calf, 
from  all  of  which,  preparations  were  made.  Although  the  intestine  of  a 
dog  is  less  in  lumen  than  that  of  a  human  being,  the  epithelium  is  not 
only  relatively  more  abundant  but  actually  so  as  well,  and,  furthermore, 
it  can  be  removed  with  the  greatest  ease  by  light  pressure,  making  in 
practically  every  case  examined  a  greater  bulk  of  scrapings  than  that 
from  a  human  being.  Not  only  is  this  true  of  dogs,  but  also  of  sheep 
and  calves,  in  the  former  of  which  the  gut  is  very  much  smaller  both  in 
lumen  and  thickness  than  in  man,  and  it  is  also  scraped  more  easily. 

The  membrane  thus  removed  from  the  upper  four  feet  of  the  small 
intestine,  except  where  six  feet  were  used,  as  noted  in  the  protocols,  was 
covered  with  a  small  amount  of  dilute  hydrochloric  acid  and  groiind  up 
with  sand  in  a  mortar.  Inadvertently,  acid  of  slightly  less  than  0.2  per 
cent,  strength  was  used  in  the  early  experiments  instead  of  0.4  per  cent, 
strength,  which  was  adopted  later,  as  noted. 

The  mortar  contents,  after  being  ground  for  about  ten  minutes,  were 
slightly  more  diluted  with  as  little  acid  as  possible  (the  amounts  are 


given  in  each  case),  and  transferred  to  a  porcelain  dish,  where  they 
were  brought  to  boiling.  A  few  drops  of  fairly  strong  caustic  soda  so- 
lution were  then  added,  while  stirring,  until  litmus  paper  showed  faint 
alkalinity,  and  then  the  reaction  was  made  slightly  acid  with  glacial 
acetic  acid,  diluted  one  to  three  or  four  with  water.  A  very  few  drops 
sufficed  for  this,  and  with  the  precipitation  of  the  precipitable  proteids 
the  supernatant  liquid,  which  had  before  been  thick  and  cp«que,  ber^ame 
clear  and  could  be  decanted.  In  the  earlier  erp«nments  tiie  whole  con- 
tents of  the  porcelain  dish  were  strained  through  unbleached  muslin  by 
squeezing.  It  was  found,  however,  that  even  with  most  of  the  proteid 
constituents  precipitated  as  above,  it  was  very  difficult  to  filter  the  solu- 
tion thus  obtained.  By  the  time  it  ran  fairly  clear  and  was  free  from 
opacity,  even  with  a  suction  filter,  the  delay  was  so  great  and  the  amount 
of  fluid  obtained  was  so  slight  thai  we  feared  oxidation  would  render  the 
preparation  less  active,  if  not  inert,  as  stated  by  Bayliss  and  Starling. 
Later  preparations  were,  therefore,  made  by  simply  decanting  from  the 
porcelain  dish  after  addition  of  acetic  acid  and  filtering  this  hot  liquid 
quickly  through  coarse  paper.  At  different  times  filtrates  at  varying 
stages  of  preparation  were  used,  some  of  great  opacity  and  some  clear, 
while  the  supernatant  fluid  was  used  at  other  times  without  further  treat- 
ment; but  as  far  as  could  be  seen  the  active  properties  were  contained 
no  more  in  one  than  in  the  others.  Filtration,  therefore,  seems  not  to 
affect  the  activity  of  the  extract,  though  we  can  not  insist  on  this  point 
as  yet.  The  above  solutions  were  then  transferred  to  small  Erlenmeyer 
flasks,  sterilized  in  an  Arnold  steam  sterilizer  and  used  as  soon  as  pos- 
sible. After  injection  unused  residues  were  resterilized  for  subsequent 
use. 

The  mechanical  problems  involved  in  making  a  pancreatic  fistula  in 
a  dog  are  peculiar  and  deserve  a  short  notice.  The  incision,  like  all 
physiologic  incisions,  is  of  importance  secondary  to  the  question  of  satis- 
factory exposure.  Our  method  was  to  make  a  two-inch  incision  directly 
over  the  pancreas  well  to  the  right  of  the  mid-line.  The  lower  end  of 
that  portion  of  the  pancreas  which  is  closely  attached  to  the  intestine  is 
withdrawn,  together  with  the  intestine.  One  can  then  locate  the  duct 
by  palpating  between  the  thumb  and  finger  the  tissue  which  lies  between 
the  pancreas  and  the  intestine.  The  duct  will  be  found  lying  within  an 
inch  from  the  lower  end  of  the  attached  portion.  The  duct  is  then  freed 
by  careful  blunt  dissection  and  traced  into  the  intestinal  wall;  a  longi- 
tudinal incision  is  made  in  the  duct,  as  far  as  possible  into  the  intestinal 
wall,  and  the  canula  introduced  f»nd  tied  in  place  by  means  of  a  ligature, 
which  passes  entirely  around  the  duct.     A  form  of  canula  which  has 


given  us  satisfaction  is  that  made  with  a  tip  of  platinum  fused  into  a 
graduated  glass  tube. 

The  necessity  of  adopting  this  technic  evolved  itself  during  the  course 
of  the  work.  The  reason  for  exposing  the  duct  external  to  the  intestine  is 
that  the  pancreas  is  one  of  the  most  delicate  organs  of  the  body,  and 
attempts  to  introduce  an  adequate  canula  through  the  normal  opening 
of  the  duct  cause  hemorrhages  from  the  raucous  membrane  of  the  in- 
testine. The  actual  mouth  of  the  duct  is  smaller  than  the  lumen  as  a 
whole,  and  hemorrhage  is  prone  to  occur  also  from  the  mucous  mem- 
brane of  the  duct  itself.  The  hemorrhages  thus  caused  are  persistent 
and  induce  coagulation  of  the  pancreatic  secretion.  It  is  advisable  to 
trace  the  duct  well  into  the  intestinal  wall  because  part  of  the  duct 
which  is  common  to  the  upper  and  lower  ends  of  the  pancreas  is  ex- 
tremely short;  often  so  short,  in  fact,  as  to  preclude  tying  a  canula  in 
place  without  excluding,  by  the  ligature,  the  duct  of  the  lower  third 
of  the  organ. 

We  were  led  to  the  adoption  of  a  canula  with  a- tip  of  platinum 
because  that  metal  can  be  wrought  very  thin  and  still  possess  ample 
strength.  The  lumen  of  the  tip  can  then  be  made  as  great  as  the  lumen 
of  the  canula,  and,  indeed,  but  little  smaller  than  the  lumen  of  the  duct 
itself.  On  the  outside  of  the  extreme  tip  of  the  canula  is  a  small  ridge 
for  a  ligature,  which  is  necessary  to  prevent  the  canula  from  slipping  out 
of  place  during  movements  of  respiration  and  peristalsis. 

Extreme  care  must  be  taken  in  manipulating  the  pancreas,  as  very 
small  hemorrhages  frequently  occur  from  the  wall  of  the  duct,  and  the 
admixture  of  the  least  amount  of  serum  with  the  pancreatic  secretion 
may  cause  a  coagulum  which  will  effectually  block  the  canula.  This 
can  be  materially  prevented  by  coating  the  interior  of  the  platinum  tip 
and  the  lower  end  of  the  glass  with  paraflBn.  The  caliber  of  the  duct 
varies  so  greatly  that  we  have  two  sizes  of  canulae,  using  always  that 
caliber  which  most  closely  approximates  the  caliber  of  the  duct. 

It  will  be  seen  from  a  study  of  the  protocols  that  our  first  attempts 
with  human  preparations  injected  into  dogs  were  failures,  despite  the 
fact  that  every  possible  care  was  exercised  to  have  the  conditions  of 
preparation  of  extracts  identical  with  those  in  preparation  of  extracts 
from  dogs.  Of  a  total  of  nine  human  cases  from  which  we  tried  to  obtain 
active  extracts,  in  only  two  did  we  meet  with  certain  success.  The  dog 
extracts,  on  the  contrar}-,  as  also  the  sheep  and  calf  extracts,  were  ob- 
tained active  at  the  first  attempt.  We  have  not  recorded  a  single  in- 
stance of  failure  to  obtain  a  very  violent  and  pronounced  reaction  from 
them,  though  in  many  of  the  experiments  the  acidity  of  the  extract  more 


nearly  approached  the  acidity  of  the  chyme  in  man  than  that  in  lowcf 
animals.* 

It  was  noted  that  the  extracts  from  man's  intestines  were  harder  to 
filter  than  those  of  animals,  and  after  several  failures  we  decided  not 
to  attempt  much  filtration  (for  which  considerable  liquid  was  required), 
but  to  use  less  fluid  and  decant  sufficient  for  use  from  this  more  con- 
centrated preparation.  This  was  done,  and,  as  seen  in  the  records,  a 
response  was  obtained  on  injection.  Active  anim-il  preparations  were 
obtained  from  both  0.2  and  0.4  per  cent,  strength  hydrochloric  acid, 
but  in  our  series,  human  preparations  of  undoubted  activity  were  obtained 
only  from  the  acid  of  0.2  per  cent,  strength. 

In  making  our  first  controls  we  used  secretin  extracts  made  from 
dogs,  and  later  on  we  made  extracts  from  the  sheep  and  calf,  just  men- 
tioned, in  order  to  satisfy  ourselves  that  there  was  no  specificity  of  se- 
cretin for  any  particular  genus.  The  response  given  by  the  sheep  ex- 
tract was,  perhaps,  the  most  violent  and  pronounced  of  any  v/itnessed, 
and  it  seems  most  improbable  that  a  difference  in  the  nature  of  the 
human  secretin,  per  se,  was  in  any  way  responsible  for  the  failures  fol- 
lowing its  injection. 

During  the  course  of  the  experiments  fresh  extracts  were  prepared 
from  dogs,  solely  as  controls  of  known  activity,  in  testing  human  prepa- 
rations under  consideration.  It,  therefore,  seems  that  although  the  acid 
extract  of  human  intestinal  membrane  is  higher  in  those  presumably 
proteid  and  gelatinous  constituents  which  make  it  diflficult  of  filtration, 
the  human  intestine  is  not  only  relatively  but  actually  lower  in  its  content 
of  prosecretin  than  is  the  intestine  of  some  lower  animals.  The  greater 
bulk  of  epithelium  which  can  be  removed  from  the  animal  gut  doubtless 
accounts  for  this,  and  it  appears  that  this  is,  perhaps,  a  provision  of 
Nature,  in  keeping  with  other  differences  shown  in  the  various  species. 
For  example,  the  acidity  of  the  gastric  secretion  in  a  dog  is  greatly  in 
excess  of  that  in  man,  reaching  0.5  per  cent,  in  order  that  he  may  digest 
the  large  pieces  of  meat  swallowed  without  mastication.  E.  Meade 
Smith^  gives  a  series  of  analyses  of  gastric  contents  in  man,  dog,  sheep 
and  horse,  of  which  the  hydrochloric  acid  in  man,  in  1,000  parts,  was 
3.19;  in  sheep,  4.05;  in  a  horse  (diet  of  oats),  4.9;  in  a  dog,  17.13, 
from  which  it  will  be  seen  how  greatly  in  excess  of  the  human  average  all 
of  these  are.  It  seems  probable,  therefore,  that  the  greater  provision  of 
epithelium  (and,  therefore,  presumably  of  prosecretin)  is  to  keep  pace 

*  Since  writing  the  above,  we  have  made  additional  secretin  preparations,  in 
another  connection,  from  about  eight  more  dogs,  and  in  every  instance  have  ob- 
tained extracts   of  great   activity. 

8.  Physiology  of  the  Domestic  Animals,  1889. 


M'ith  this  large  amount  of  acid  and  to  excite  a  copious  and  equal  alkaline 
secretion  from  the  pancreas.  Certain  it  is  that  under  the  above  condi- 
tions the  preparation  of  an  active  extract  of  secretin  is  more  difficult 
from  man  than  from  animals,  and  it  may  be  for  the  reason  stated  above. 

We  intended,  at  one  time,  to  take  equal  weighted  amounts  of  intes- 
tinal scrapings  from  man  and  dog  and  dilute  them  with  large  and  equal 
amounts  of  acid.  We  hoped  to  show  by  this  that,  whereas,  the  dog  epi- 
thelium would  yield  an  active  extract  even  with  considerable  dilution, 
none  would  be  obtained  from  the  human,  for  the  above  reason.  Unfor- 
tunately, however,  we  had  to  stop  work  temporarily  at  this  point,  but 
the  same  fact  is  indicated  to  all  intents  and  purposes  by  the  last  human 
case  tried,  reference  to  which  will  show  that  only  65  c.c.  hydrochloric 
acid  were  used.  The  preparation  was  inactive,  or  at  best  but  slightly 
and  very  questionably  active,  whereas  a  coincident  extract  of  a  dog  was 
diluted  with  over  twice  that  amount  of  acid  and  still  gave  a  violent  re- 
sponse. The  respective  amounts  of  intestinal  epithelium  removed  were 
not  weighed,  but  were  roughly  comparable  in  bulk.* 

In  view,  therefore,  of  the  difficulties  recorded  in  obtaining  active 
human  preparations,  we  feel  that  caution  should  be  exercised  in  basing 
conclusions  on  negative  results  which  are  not  fully  controlled  and  in 
which  the  flow  of  juice  is  not  accurately  measured.  The  measurement 
is  not  so  much  for  comparison  between  the  individual  animals  injected, 
because  each  is  (within  limits)  a  law  unto  itself  as  to  the  rapidity  and 
amount  of  flow,  but  for  each  case  there  should  first  be  established  some 
dependable  standard  of  secretion  as  a  normal  on  which  can  be  based 
exacerbations  due  to  injections. 

It  seems  that  entirely  apart  from  differences  in  the  sizes  of  animals, 
which  would  determine  variations  in  flow,  the  rate  of  flow  and  amount 
of  pancreatic  juice  obtained  van.-  with  the  period  of  digestion.  It  thus 
seems  easier  to  excite  a  flow  of  pancreatic  juice  when  the  animal  has  been 
fed  within  a  few  hours  than  when  it  is  fasting.  Furthermore,  the  copious 
flow  thus  obtained  is  calculated  better  to  prevent  the  formation  of  clots 
which  form  so  readily  both  in  the  canula  and  within  the  excreton.'  duct 
itself,  as  mentioned  above.  Consequently,  in  our  later  experiments,  we 
used  dogs  which  had  been  recently  fed. 

For  the  above  reasons  and  for  others  which  will  appear  later  we  are 
led  to  accept  with  reservation,  the  finality  of  Wentworth's  findings  in 

*  Since  above  was  written  we  have   obtained  a   violently  active   preparation 

4 
from  a  dog's  intestines,  with  a  dilution  of  310  c.c.  —  N  HCl. 
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cases  of  malnutrition  because  we  know  how  easy  it  is  to  obtain  an  inactive 
extract  in  a  subject  from  which  there  is  every  a  priori  reason  to  expect  a 
response.  To  turn  to  his  interesting  work  in  which  he  records  an  absence 
of  secretin  in  a  number  of  cases  of  marasmus  examined,  several  points 
call  for  consideration. 

In  the  first  place,  he  details  a  series  of  cases  of  marasmus  and  some 
also  of  new-born  children,  in  which  he  finds  secretin  absent.  He  believes 
this  deficiency  of  secretin  to  be  due  to  an  insufficient  quantity  of  hydro- 
chloric acid  in  the  stomach  of  these  children,  this,  in  turn,  being  caused 
by  the  fact  that  the  milk  of  each  species  has  some  specific  element  which 
is  necessary  to  its  perfect  digestion  by  that  species,  and  in  the  case  of 
marantic  human  infants  fed  on  cow's  milk,  for  example,  this  is  lacking. 
Without  questioning  the  evidence  in  favor  of  the  latter  contention,  in  this 
particular  connection,  let  us  consider  the  reported  absence  of  secretin  in 
the  newborn. 

The  citation  of  this  deficiency  is  evidence,  it  seems  to  us,  in  support 
not  of  the  unknown  and  unlikely  possibility  that  a  child  is  thereby  un- 
qualified for  pancreatic  digestion  of  its  mother's  milk  (which  we  know 
clinically  is  not  the  case),  but  rather  that  this  "absence"  of  secretin  is 
another  instance  of  the  difficulty  of  obtaining  it  under  a  considerable 
variety  of  circumstances  and  in,  perhaps,  a  number  of  pathologic  condi- 
tions. In  point  of  fact,  secretin  has  been  found  in  both  the  embryo  and 
the  newborn,  and  in  the  human  as  Avell  as  in  the  animal  species,^-  ^"  which 
would  go  to  prove  that  some  of  the  many  factors  to  which  we  refer  as 
making  secretin  at  times  difficult  of  extraction,  have  been  operative  with 
Wentworth,  not  only  in  these  children  at  birth,  but,  perhaps,  as  well  in 
those  cases  of  malnutrition  on  which  he  bases  his  report.  Failure  to 
detect  it  in  the  newborn  seems  an  evidence  against  the  very  specificity 
of  its  absence  in  pure  marasmus. 

In  both  of  these  conditions,  as  we  have  tried  to  indicate,  the  evidence 
for  the  absence  of  secretin  as  against  a  frequent  general  difficulty  of  its 
extraction  under  many  circumstances,  is  very  incomplete.  We  feel, 
therefore,  that  the  whole  question  of  the  activities  of  digestion  is  much 
too  complicated  to  justify  the  assumption  at  present  that  marasmus  is 
referable  to  a  factor  so  difficult  of  exact  definition  as  the  absence  of 
secretin. 

That  this  absence  should,  furthermore,  be  dependent  on  a  deficiency 
of  hydrochloric  acid,  and  this,  in  turn,  on  a  specificity  of  milk,  seems  an 
hypothesis  calculated  beyoud  the  facts  at  our  command.    With  our  pres- 

9.  Camus:    Compt.  rend.  Soc.  de  biol.,  Par.,  1906,  Ixi,  59. 
10.  Hallion  et  Lequeux:    Id.,  33. 


ent  knowledge  of  the  subject,  we  feel  that  the  properties  and  activities  of 
secretin  are  much  too  unmapped  and  too  little  understood  for  us  in- 
telligently to  ascribe  a  great  morbid  state  to  its  deficiency  alone,  and 
when  it  comes  to  building  further  on  this  foundation  the  question  be- 
comes one  of  almost  pure  hypothesis.  As  a  general  principle,  we  know 
that  the  interdependence  of  the  various  digestive  and  assimilative  proc- 
esses is  against  such  specificity,  and  we  are  beginning  to  recognize  this 
interdependence  as  much  wider  than  was  hitherto  thought.  In  illustra- 
tion of  tliis  Abelmann  and  Sandmeyer"  have  shown  that  complete  extir- 
pation of  the  pancreas  from  dogs  is  followed  by  the  absorption  of  33  to 
45  per  cent,  of  non-emulsified  fat.  Again,  if  the  connection  between  the 
pancreas  and  the  intestine  is  cut  off  completely  and  permanently,  the 
pancreas  itself  remaining  wholly  or  partially  in  the  system,  it  is  found 
that  the  absorption  of  fat  may  be  maintained  (80  per  cent.)  for  a  con- 
siderable length  of  time.^-  The  work  of  Briicke,  Voit  and  Bauer,  Heid- 
enhain,  Friedlander  and  others^'  abundantly  proves  that  the  protein  of 
flesh,  as  well  as  both  serum  and  egg  albumin,  may  be,  in  part  at  least,  ab- 
sorbed as  such;  from  which  alone  we  see  the  abundant  provision  of  Na- 
ture against  the  weakness  of  a  single  part  in  her  complicated  sj'stem  of 
nutrition. 

That  some  disturbance  of  the  amount  of  secretin  may  be  a  link  in  the 
chain  of  events  which  produces  infantile  atrophy  we  readily  grant,  and, 
in  fact,  had  started  work  on  the  basis  of  an  analogous  h^'pothesis;  but 
that  the  other  links  of  the  chain  are  known,  or  that  a  causative  deficiency 
or  absence  of  secretin  has  been  established  in  that  interesting  condition, 
we  can  not  at  present  believe. 

An  examination  of  the  work  of  Bainbridge  and  Beddard  on  diabetics 
will  show  that  tliey  measured  the  flow  of  juice  in  drops  and  cubic  centi- 
meters. This  method  of  measurement  seems  to  be  open  to  some  criti- 
cism. The  output  of  such  an  organ  as  the  pancreas  is,  in  the  nature  of 
things,  a  relatively  small  quantity,  and  exacerbations  of  flow  can  not  be 
appreciated  within  small  limits  when  the  index  is  so  crude.  The  metliod 
of  Bayliss  and  Starling  is  certainly  the  most  graphic  and  satisfactory  for 
recording  the  flow,  where  at  all  practicable,  but  it  requires  that  the  tube 
be  filled  and  the  juice  allowed  to  drop  on  a  recording  tambour.  With 
weak  preparations  or  where,  for  any  reason,  there  is  difficulty  in  obtain- 
ing a  steady  flow,  the  first  output  may  be  ample  to  indicate  the  activity 
of  a  given  preparation  and  yet  quite  insufficient  to  fill  a  canula  of  five 

11.  von  Xoorden:    Metabolism  and  Practical  Medicine,  i,  30. 
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inches,  much  less  to  drop  from  the  end  of  it.    For  these  reasons,  we  found 
a  graduated  canula  better  adapted  to  our  needs. 

In  regard  to  the  estimates  of  flow  given  by  Bainbridge  and  Beddard, 
it  can  be  said  that  with  an  actively  functionating  gland  there  is,  at  most 
times,  a  flow,  and  the  statement  that  a  drop  or  a  cubic  centimeter  resulted 
from  an  injection  is  somewhat  questionable  information  as  to  whether 
the  gland  was  stimulated  or  not,  in  the  absence  of  data  giving  the  normal 
rate  of  secretion.  It  assunies  that  the  tube  must  be  full  at  all  times,  but 
from  such  a  tube  drops  might  fall  with  varying  speed,  due,  for  example, 
to  changes  in  blood  pressure,  which  is  appreciably  lowered  by  the  injec- 
tion. Again,  if  such  a  tube  be  filled,  more  powerful  respiration  or  any 
unusual  movement  of  the  animal  may  induce  a  change  of  level  in  the 
tube  and  consequently  cause  a  drop  to  fall.  Bainbridge  and  Beddard  give 
no  data  of  time  elapsed  when  recording  flows  which  took  place  or  failed  to 
take  place  after  injection.  In  Case  5  of  their  diabetic  series  they  obtained 
0.6  c.c,  a  response  greater  than  that  from  some  of  their  normal  prepara- 
tions, as,  for  example,  that  from  a  normal  cat,  and  yet  this  response  is 
recorded  as  moderate.  Case  6  gave  persistently  one  drop  in  response, 
and  Case  4  gave  two  drops  on  two  occasions,  and  it  seems  to  us  that  in 
both  instances  these  were  indications  of  responses  which  might  have 
been  more  marked  had  there  been,  perhaps,  less  dilution  of  the  secretin, 
or  more  regard  for  the  relative  difficulty  under  many  circumstances  of 
extracting  it  from  human  intestines.  A  deduction  from  this  that  secretin 
is  diminished  in  amount  in  these  particular  cases  seems  to  us  hardly  to 
be  justifiable.  The  same  authors,  unfortunately,  omit  also  to  give  the 
amounts  of  juice  secreted  in  their  series  of  controls,  and  state  merely 
that  they  were  abundant,  fair  or  moderate,  by  which  very  little  compari- 
son can  be  made  with  their  later  work.  Bainbridge  and  Beddard  con- 
clude that  "in  only  one  of  six  cases  of  severe  diabetes  was  prosecretin 
present  in  amount  approximating  the  normal,"  and  in  the  other  five 
cases  they  say  that  prosecretin  "was  either  absent  or  present  in  very 
small  quantities,"  but  we  feel  that  without  more  accurate  methods  of 
establishing  a  standard  of  reaction  and  of  measuring  the  flow  such  results 
must  be  accepted  with  reserve.  Bainbridge  and  Beddard  speak,  for  ex- 
ample, of  a  maximum  and  minimum  dose  without  stating  what  either  is, 
and  it  would  be  of  interest  to  know  the  dilution  with  acid  of  the  intes- 
tinal scrapings.  Other  observers,  as  Moore,  Edie  and  Abrams,  quote  the 
above  work  as  evidence  that  secretin  is  absent  in  many  cases  of  diabetes, 
but  it  may  well  be  that  the  failure  to  react  was  at  times  due  to  some  of 
the  factors  which  have  prevented  us  from  getting  responses.  It  is  to  be 
remembered,  furthermore,  that  in  an  individual  the  subject  of  a  chronic 
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wasting  disease,  such  as  diabetes  or  marasmus,  the  intestinal  epithelium 
shares  with  the  other  bodily  structures  a  degree  of  atrophy,  perhaps  sec- 
ondarily, and  the  reduced  bulk  may  require  different  treatment  to  develoj) 
the  properties  still  present  within  it.  This,  again,  may  have  been  the 
cause  of  a  certain  number  of  failures. 

Therefore,  we  are  forced  to  conclude  that,  while  the  absence  or  defi- 
ciency of  secretin  may  be  a  factor  in  certain  varieties  of  diabetes,  the 
evidence  of  this,  hitherto  adduced,  is  not  convincing  to  all  of  those  who 
have  worked  on  the  pancreas  and  its  excitation. 

In  order  to  obviate  the  possibility  that  postmortem  change  was  re- 
sponsible for  some  of  our  failures,  we  killed  a  dog,  kept  the  body  on  ice 
for  thirty-six  hours  and  then  removed  the  upper  part  of  the  small  intes- 
tine. This  we  kept  on  ice  for  another  fourteen  hours,  and  then  worked 
up  as  usual,  with  the  result  to  be  mentioned  presently.  It  had  occurred 
to  us  also  that  another  possible  source  of  failure  was  the  necessarily  re- 
stricted diet  of  most  hospital  patients  who  come  to  autopsy,  so  that  the 
dog  above  mentioned  was  fed  for  about  one  week  prior  to  death  on  a  pure 
milk  diet.  Evidence  of  the  fact  that  he  had  been  well  starved  was  the 
condition  of  the  stomach  and  small  intestine,  both  of  which  were  full  of 
sawdust,  which  had  formed  part  of  his  bedding.  He  had,  of  course, 
attempted  to  satisfy  his  hunger  by  eating  it.  The  extracts  from  the 
intestine  of  this  animal  were  powerfully  active. 

We  wish  to  emphasize  the  fact  that  in  testing  the  human  preparation 
a  response  was  in  all  cases  first  obtained  by  means  of  a  known  active 
extract  in  order  to  obviate  failure  from  causes  other  than  inactivity  of 
the  preparation  in  question,  and  following  its  injection  known  active 
extracts  were  again  used  wherever  possible.  This  inclusion  of  an  inac- 
tive human  preparation  between  two  plainly  active  animal  extracts 
would  seem  to  narrow  down  the  failure  of  response  to  some  feature  of  the 
preparation  itself. 

Another  thought  which  suggested  itself  was  that  the  strength  of  the 
acid  used  in  working  up  the  preparations  might  be  responsible  for  some 
negative  results,  but  reference  to  the  records  will  show  that  we  eventually 
obtained  active  extracts  from  dogs,  with  both  weak  and  strong  hydro- 
chloric acid,  as  referred  to  earlier,  so  that  the  formation  of  secretin 
apparently  is  not  dependent  on  the  peculiar  acidity  of  the  ch}'me  in  any 
particular  animal.  It  would  appear  probable  also  that  neither  fasting 
nor  the  nature  of  the  diet  has  any  marked  influence  on  the  qualities  of 
an  extract. 

Some  of  our  active  preparations  were  used  a  number  of  times,  and 
we  foimd  that  if  kept  sterile,  an  extract  will  retain  its  efficiency  for  manv 
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weeks,  though  it  deteriorates  slowly,  as  stated  by  Bayliss  and  Starling. 
The  reactions  caused  by  the  injection  of  equal  amounts  grow  less  intense 
as  time  goes  on  and  finally  cease  altogether.  One  of  our  extracts  showed 
activity  for  at  least  nine  weeks,  which  is  the  longest  recorded  period  of 
which  we  have  any  knowledge. 

Finally,  we  come  to  the  consideration  of  those  human  cases  in  which 
we  found  secretin  positively  present.  They  were  two  in  number,  re- 
spectively Cases  8  and  10,  out  of  a  total  of  nine  examined.  In  two  other 
cases  there  was  some  evidence  that  it  was  present  also,  though  we  were 
not  convinced  of  the  fact  at  the  time  of  the  experiment.  They  were 
Cases  14  and  15.  It  may  be,  of  course,  that  failure  to  demonstrate  any 
secretin  in  the  remaining  cases  was  due  to  the  fact  that  these  cases  pre- 
sented some  of  the  pathologic  conditions  originally  the  subject  of  our  in- 
vestigation. This  can  not  be  asserted,  however,  with  our  present  knowl- 
edge of  the  subject.  As  a  corollary  to  this  is  the  record  of  the  presence 
of  secretin  in  a  case  of  pulmonary  phthisis  (Case  8)  and  a  case  of  chole- 
lithiasis with  jaundice  and  cardiorenal  disease  (Case  10).  Two  cases 
are,  of  course,  inadequate  in  number  to  warrant  definite  conclusions,  but 
it  might  seem  from  them  that  the  absence  of  secretin  is  not  a  causative 
or  accompanying  feature  of  these  diseases. 

It  is  of  some  interest  to  consider  the  nature  of  the  various  cases  in 
Avhich  no  secretin  could  be  detected  positively  after  repeated  injection  of 
various  preparations  from  them  into  different  dogs  (which  responded  to 
other  stimuli).  These  cases  represented,  respectively,  the  following  dis- 
eases: tabes  dorsalis,  lobar  pneumonia,  fracture  of  the  skull,  pseudo- 
hypertrophic muscular  dystrophy  complicated  by  phthisis,  uremia  (or 
possibly  epilepsy),  phthisis,  and  erysipelas  following  debauch. 

It  will  be  noted  t*hat  one  of  our  active  extracts  Avas  from  a  case  of 
phthisis  (Case  8),  and  yet  we  were  unable  to  get  positive  results  from 
two  other  instances  of  this  disease.  In  one  of  them  (Case  14)  there  was 
some  evidence  of  a  response,  but,  as  indicated  above,  we  do  not  feel  war- 
ranted in  regarding  it  as  certain.  The  other  was  complicated  by  muscu- 
lar dystrophy,  which  is  a  rather  suggestive  result,  though,  of  course,  by 
itself  of  no  value  whatever.  It  is  conceivable,  however,  that  this  last 
interesting  and  baffling  condition  may  be  found  to  be  due  to  some  factor, 
perhaps  as  yet  undiscovered,  which  affects  the  construction  of  tissue.  In 
this  connection,  one  of  the  present  authors  has  made  some  attempt,  as  yet 
unsuccessful  on  account  of  the  paucity  of  cases  and  the  difficulty  of  the 
procedure,  to  investigate  the  proteolytic  and  proteoconstructive  ferments 
found  by  Vernon  to  be  present  in  nearly  all  tissues.  An  absence  of  one 
or  more  of  these  from  muscular  tissue  might  possibly  stand  in  some 
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relation,  primarily  or  set omlaiily,  to  the  well  known  metamoiphoses  of 
this  disease. 

We  have  been  unable  to  account  satisfactorily  for  an  initial  spurt  in 
the  flow  of  juice  which  often  occurs  when  a  canula  is  first  introduced  suc- 
cessfully into  the  common  duct.  The  more  ready  and  the  quicker  the  in- 
troduction, the  more  marked  the  initial  spurt,  which  in  a  minute  or  so 
subsides  to  what  may  be  called  the  normal  rate  of  flow,  Bayliss  and 
Starling  state  that  there  seems  to  be  little  or  no  diminution  in  activity 
after  prolonged  stimulation  of  the  pancreas  with  secretin,  and  they  quote 
one  case  which  seemed  to  have  lost  an  activity  after  stimulation  for  a  total 
of  8  hours.  Without  questioning  this  finding,  our  experience  has  been 
that  the  pancreas  reacts  best  to  early  injections,  and  that  after  repeated 
excitations  the  response  is  less  marked  in  amount  and  violence.  It  would 
seem  much  more  in  the  nature  of  things  that  the  organ  should  become 
exhausted  in  time,  but  we  made  no  observations  directly  to  this  end  and 
can  not,  therefore,  offer  anything  more  positive  on  this  point. 

There  can  be  no  question  that  there  remain  a  great  many  features  in 
connection  with  this  interesting  subject  of  pancreatic  excitation  which 
call  for  investigation.  It  is  our  hope  to  pursue  some  of  them  in  the  near 
future,  and  it  is  only  because  of  the  growing  activity  in  this  line  of  work 
as  well  as  the  evident  need  for  accurate  observations  that  we  wish  to  pub- 
lish, at  this  time,  the  results  of  our  own  experience. 

CONCLUSIONS. 

1.  There  would  seem  to  be  some  factor  which  makes  the  preparation 
of  secretin  from  human  intestines  more  difficult  than  from  the  intestines 
of  some  animals. 

2.  This  factor  may  depend  on  the  relatively  great  abundance  of  mem- 
brane in  these  animals  and  consequently  greater  amount  of  prosecretin. 

3.  The  abundance  of  mucosa  may  be,  in  part,  a  provision  of  Nature 
in  order  that  the  strongly  acid  chyme  of  some  animals  may  meet  with  a 
quantity  of  pancreatic  juice  sufficient  to  neutralize  it  and  effect  digestion. 

4.  Active  preparations  of  secretin  can  be  made  with  hydrochloric  acid 
of  widely  varying  strengths,  and  activity,  in  vivo,  is  apparently  not  de- 
pendent on  the  peculiar  acidity  of  the  chyme  in  any  particular  animal. 

5.  Dieting  and  fasting  seem  to  have  no  appreciable  effect  on  the 
activity  of  an  extract. 

G.  Time  elapsed  between  death  and  the  preparation  of  the  extract 
(within  limits)  does  not  seem  to  be  a  factor. 

7.  Caution  should  be  exercised  in  basing  conclusions  on  work  not 
thoroughly  controlled,  as  the  demonstration  of  secretin  may  be  prevented 
bv  manv  factors  not  easv  of  determination. 


8.  In  investigating  for  its  presence,  the  normal  flow  and  the  exacerba- 
tions should  be  measured  carefully  by  means  of  some  accurate  gauge, 
such  as  the  rate  of  flow  through  an  accurately  spaced  canula  or  by  the 
recording  of  time  drops  with  a  tambour. 

9.  The  evidence  so  far  adduced  that  secretin  is  absent  in  some  varie- 
ties of  diabetes  does  not  seem  conclusive. 

10.  The  specific  absence  or  deficiency  of  secretin  in  marasmus  seems 
to  remain  as  yet  unproven. 

We  wish  to  express  our  thanks  to  Dr.  A.  J.  Smith,  Dr.  Samuel  Leo- 
pold and  Dr.  L'Engle  for  courtesies  shown  at  the  autopsy  table  in  obtain- 
ing material,  and  especially  to  Dr.  David  L.  Edsall  for  his  helpful  in- 
terest in  the  work. 

PROTOCOLS. 

It  should  be  stated  that  the  flow  of  juice  was  at  times  hard  to  record,  because 
after  introducing  the  canula  into  the  pancreatic  duct,  the  intestine  and  attached 
duct  were  replaced  in  the  abdominal  cavity  where  they  were  more  or  less  out  of 
reach  and  somewhat  covered  over.  The  canula  generally  became  partly  coated 
with  blood,  which  often  obscured  both  the  markings  upon  it  and  the  juice  within 
it.  The  deep  position  within  the  abdomen  of  the  duct  and  proximal  end  of  the 
canula  increased  this  difficulty,  so  that  it  became  necessary  at  times  to  count  from 
the  outer  end  of  the  tube  instead  of  from  the  inner.  Where  this  occurred  it  is  so 
stated. 

The  caliber  of  the  canulae  used  varied  somewhat  as  did  the  markings  on  them. 
In  cases  where  the  flow  was  slow,  fine  gradations  were  required  to  measure  its  ad- 
vance. In  cases  where  it  was  very  rapid,  we  were  often  unable  to  note  its  rate 
by  the  one-eighth  inch  gradations  alone  and  had  time  to  measure  the  progress  at 
intervals  of  five  divisions  only. 

When  the  canula  became  filled,  it  was  emptied  by  sucking  through  a  still  finer 
glass  tube,  introduced  within  it  to  the  lowest  gradation  desired. 

The  notes  of  our  cases  are  as  they  were  made  at  the  time.  The  strength  of 
acidity  of  the  preparations  was  not  measured  regularly,  but  from  several  titra- 
tions, made  at  various  times,  they  approximated  the  following: 

4 

8  cc.  secretin  extract  =  0.1  cc.  —  N  NaOH. 

10 
In  our  first  experiments,  having  then  no  controls  of  known  activity,  we  estab- 

4 
lished  a  flow  of  juice  by  the  injection  into  the  duodenum  of  25  cc.  of  —  N  HCl. 

10 

Several  attempts  were  made  to  obtain  permanent  pancreatic  fistulae  in  dogs, 
but  the  difficulties  in  the  way  of  the  proper  after-care  of  the  animals  caused  us 
to  work  with  temporary  fistulae  instead.  Our  animals  were  kept  under  complete 
ether  anesthesia,  and  at  the  end  of  the  experiments  they  were  killed. 

We  desire  to  give  our  observations  at  length,  because  they  seem  to  us  to  show 
the  difficulty  in  reaching  dependable  conclusions  even  when  every  effort  is  made 
to  be  accurate.  That  this  difficulty  must  be  greater  with  estimations  which  are 
more  approximate,  is  self-evident. 

Case  1. — Feb.  28,  1907.  A.  M.,  male,  white,  age  53  years.  Philadelphia  Hos- 
pital.    Died,  7:45  p.  m.,  Febrviary  27.     Autopsy  performed  4  p.  m.,  February  28. 


15 

i'athologic  Diagnosis:  Kmph^'sema  and  edema  of  lungs;  brown  atrophy  of  heart; 
chronic  cystitis;  pyemic  kidney;  hypertrophy  of  prostate;  tabes  dorsalis. 

Thirty-six  hours  after  death,  upper  four  feet  of  intestine  extracted  and  put 
over  night  in  ice-chest.  Scraped  with  much  difficulty,  as  it  was  very  tough. 
Whole  quantity  (what  could  be  held  in  man's  hand,  perhaps)  covered  with  0.2 
per  cent.  HCl  (100  c.c.)  and  ground  in  a  mortar  with  sand.  About  300  c.c.  HCl 
then  added;  whole  squeezed  through  mesh,  filtered  and  then  sterilized  in  autoclave. 

Xo  reactions  were  obtained  with  this  preparation. 

Case  2. — March  31,  1907.  J.  C,  male,  colored,  age  42  years.  Philadelphia 
Hospital.  Died,  4  a.  m..  March  31.  Autopsy  performed,  1:30  p.  m.  same  day. 
Pathologic  Diagnosis:  Croupous  pneumonia,  gray  stage,  with  cavity  from  poor 
resolution;  acute  fibrinous  and  chronic  adhesive  pleurisy;  chronic  adhesive  peri- 
splenitis and  chronic  interstitial  splenitis;  fatty  infiltration  of  liver  and  chole- 
lithiasis: acute  parenchymatous  nephritis,  superadded  to  slightly  fibroid  kidney. 

Upper  four  feet  of  intestine  used:  125  c.c.  0.2  per  cent.  HCl;  boiled,  neutral- 
ized, acidified,  etc.,  at  night,  March  31,  1907. 

April  1,  1907,  almost  impossible  to  filter;  most  of  solution  lost  in  attempt; 
about  40  c.c.  left,  which  were  used.  No  result,  though  good  reactions  were  ob- 
tained with  0.2  per  cent.  HCl  thrown  into  duodenum  twice;  secretion  of  juice 
unusually  free,  both  when  canula  first  introduced  and  when  HCl  was  injected  into 
duodenum ;  presumably  because  of  recent  feeding,  as  gut  at  first  was  full  of  food. 

Case  3. — April  5,  1907.  Large  black  bitch,  very  fat,  killed  with  gas.  Xo 
p^e^ious  operation  on  animal.  Four  feet  of  intestine  cut  out  (with  pylorus) 
within  one-half  hour  of  death,  and  scraped,  ground  and  diluted  with  225  c.c.  of 
0.2  per  cent.  HCl ;  some  fat  in  filtrate,  which  filtered  slowly  but  better  than  last. 
Sterilized  and  finally  free  from  evident  fat. 

Case  4. — April  16,  1907.  C.  ISL,  female,  white,  age  52  years.  Philadelphia 
Hospital.  Died,  8:30  p.  m.,  April  14.  Autopsy  performed  5:30  p.  m.,  April  15. 
Coroners  case.  Pathologic  Diagnosis:  Chronic  parenchymatous  nephritis;  tuber- 
culosis of  lungs;  chronic  myocarditis;  right-sided  subdural  hemorrhage.  The 
tuberculous  involvement  was  relatively  slight  and  in  no  way  the  cause  of  death. 
Clinical  Diagnosis:    Fracture  of  skull. 

Intestines  easily  scraped,  normal  in  appearance;  250  c.c.  HCl  used;  run 
through  quite  rapidly  and  not  filtered  perfectly  clear  in  order  to  avoid  possible 
oxidation.    Xo  reactions  were  obtained  with  this  preparation. 

Case  5. — April  17.  1907.  Medium  large,  male,  woolly  dog.  Ulcers  and  worms 
in  intestines:  dog  had  been  bled  five  days  before;  killed  12:30  p.  m.  Intestines 
worked  up  instantly. 

Case  6. — April  23,  1907.  E.  B.,  male,  white,  age  15  years.  Philadelphia  Hos- 
pital. Died,  5:30  a.  m.,  April  22.  Autopsy  performed  about  4  p.  m.  same  day. 
Pathologic  Diagnosis:  Fibrinous  pleuritis  of  right  side;  fibrous  pleuritis  of  left 
side;  purulent  bronchitis,  peribronchial  pneumonia,  pseudo-lobar  pneumonia, 
edema,  congestion  and  emphysema  of  lungs;  subacute  nephritis  with  passive  con- 
gestion; acute  congestion  of  spleen;  passive  congestion  with  fatty  metamorphosis 
of  liver;  pseudo-hypertrophic  muscular  dystrophy. 

Intestines  scraped  April  23,  12:30  p.  m. ;  200  c.c.  0.2  per  cent.  HCl  used.  In- 
testines thin  but  not  anemic;  small  amount  of  mucosa  relatively,  much  less  than 
small  dog;  filtered  quickly.     Xo  reactions  were  obtained  with  this  preparation. 

Case  7. — May  1,  1907.  Rather  large  fox  terrier  bitch.  Dog  fed  on  milk  for 
five  to  six  days;  killed  on  morning  of  April  29,  and  put  on  ice.  Dog  quite  thin 
and  stomach  and  upper  part  of  bowel  filled  with  dark  brown  sawdust.  At  3  p.  m., 
April  30,  four  feet  of  bowel  were  cut  out  and  put  on  ice.  May  1,  3  p.  m.,  worked 
up  for  secretin.  Bowel  pale  and  membrane  came  off  rather  less  easily  than  usual, 
and  made  rather  small  amount;  150  c.c.  0.2  per  cent.  HCl  required  altogether; 
filtered  quickly  and  clear  at  once. 
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Case  8. — May  4,  1907.  H.  Z.,  male,  white,  age  21  years.  Philadelphia  Hos- 
pital. Died  9:15  p.  m.,  May  3.  Autopsy  performed  at  4:30  p.  m.,  May  4.  Path- 
ologic Diagnosis:  Hydropericardium ;  serofibrinous  pleuritis;  atelectasis  and 
chronic  pulmonary  tuberculosis;  chronic  parenchymatous  nephritis;  slight  fatty 
infiltration  of  liver;   pneumo-thorax. 

Body  of  a  fairly  well  nourished  man.  Dark  grumous  material  in  lower  bowel. 
Upper  five  feet  of  intestines  look  green-yellow  as  though  from  bile;  tuberculous 
ulcer  low  in  ileum  (ten  feet  down  or  more),  Peyer's  patches  swollen;  0.2  per  cent. 
HCl  used;  six  feet  of  intestine  taken;  made  considerable  bulk,  more  sand  than 
usual  needed;  300  c.c.  HCl  altogether;  filtered  with  much  difficulty  and  slowly; 
various  filtrates  used,  and  sterilized  May  4,  8  p.  m. 

Above  preparation  active. 

Case  9. — E.  F.,  male,  black,  age  40  years.  Philadelphia  Hospital.  Died  6 
p.  m.,  May  6.  Autopsy  performed,  3:30  p.  m..  May  7.  Pathologic  Diagnosis: 
Brown  atrophy  of  heart;  edema  and  healed  tuberculosis  of  lungs;  slight  chronic 
interstitial  nephritis  and  parenchymatous  nephritis ;  chronic  passive  congestion  of 
spleen.    Clinical  Diagnosis   (in  part)  :    Uremia  or  epilepsy. 

Body  well  developed  and  nourished.  Intestines  worked  up,  4  p.  m.,  May  7 ;  six 
feet  used,  250  c.c.  HCl,  0.2  per  cent.  Considerable  scraping,  which  came  off  much 
more  easily  than  usual.  Small  pieces  of  pancreas  left  on  the  back  of  bowel,  pos- 
sibly some  scraped  off  too;  filtered  quickly  and  various  filtrates  and  supernatant 
portions  taken. 

e.  g.,  Supernatant  plvis  HCl  without  anything  else. 
Supernatant  plus  HCl  plus'  alkali  and  acid. 
The  latter  was  much  more  liquid  than  the  former  because  the  albumin  coagu- 
lated and  settled.  Supernatant  portions  and  those  treated  with  alkali,  etc.,  were 
filtered  and  finally  some  supernatant  fractions  were  squeezed  through  muslin  as 
usual  and  filtered.  In  working  up  this  preparation  it  seemed  to  us  most  probable 
that  it  would  be  active,  but  it  was  not. 

Case  10. — K.  F.,  female,  white,  age  52  years.  Philadelphia  Hospital.  Died 
12:30  a.  m.,  May  18,  1907.  Autopsy  performed,  4:30  p.  m.  same  day.  Pathologic 
Diagnosis :  Cloudy  swelling  of  myocardium ;  dilatation  of  both  ventricles ;  chronic 
passive  congestion  of  spleen;  cholelithiasis;  general  biliary  pigmentation;  hyper- 
trophic cirrhosis  of  liver. 

Body  well  developed.  Six  feet  of  bowel  used;  worked  up.  3:30  p.  m..  May 
19.  Bowel  membrane  dark  green,  small  amount  of  scraping  which  is  watery  and 
fluid;  75  c.c.  of  0.2  per  cent.  HCl  required,  and  mixture  treated  as  usual.  Rushed 
through  without  delay,  and  supernatant  fluid  as  well  as  filtrate  used. 

This  preparation  was  active. 

Case  11. — Calf.  Intestines  from  abattoir.  Animal  several  months  old  prob- 
ably; membrane  much  like  dog;  bowel  smaller;  four  feet  of  intestine  and  120  c.c. 
0.2  per  cent.  HCl  used;  unfiltered  and  filtered  both  taken;  none  squeezed  through 
mesh.  Membrane  came  off  very  easily,  as  does  dog's,  and  made  quite  a  little  pile, 
though  less  than  a  large  dog,  as  intestines  are  smaller,  the  size  of  a  fountain  pen. 

Case  12. — Sheep.  Intestines  from  abattoir;  smaller  than  calf,  though  animal 
(sheep)  probably  one  year  old.  Scraped  with  greater  difficulty  and  connective 
tissue  came  off  with  membrane,  giving  long  strands  in  mortar;  made  a  relatively 
small  amount  of  scraping  which  did  not  seem  to  become  digested  by  the  0.2  per 
cent.  HCl,  and  made  a  gelatinous  mass ;  85  c.c.  acid  used.  Supernatant  fluid  and 
filtrate  both  used. 

Case  13.— On  May  21,  1907,  a  large  puppy,  setter  type,  was  unsuccessfully 
operated  on  for  a  fistula  and  injected  with  secretin,  and  then  the  bowel  removed 
and  put  on  ice  same  day,  about  6  p.  m. 
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May  20.  3  p.  m..  bowel  worked  up.  Membrane  very  loose  and  some  loose 
material  adherent  to  membrane,  within  bowel,  apparently  being  cast  off.  No 
odor;  in  good  condition;  scraped  easily,  upper  part  more  easily  than  usiial; 
made  considerable  bulk;  12.i  c.c.  0.2  per  cent.  HCl  used.  All  filtered,  none  squeezed 
through  mesh. 

Case  14. — A.  R..  female,  white,  age  17  years.  Philadelphia  Hospital.  Died 
12:30  a.  m.,  May  27,  1907.  Autopsy  performed  5  p.  m.  same  day.  Pathologic 
Diagnosis:  General  miliary  tuberculosis;  chronic  parenchymatous  nephritis; 
pneumonia;  typhoid  (?)  ;  fatty  infiltration  of  liver. 

Secretin  worked  up  morning  of  May  28,  and  0.4  per  cent,  acid  used  (4.1  c.c.  of 
1.2  sp.  gr.  HCl  taken  and  diluted  to  400  c.c.  with  H.O)  ;  75  c.c.  acid  required. 
Considerable  bulk  of  membrane,  which  was  thin,  pink  and  scraped  easily;  filtered 
rapidly. 

This  preparation  was  imquestionably  active. 

C.^SE  lo. — T.  McK..  male,  white,  age  50  years.  Philadelphia  Hospital.  Died 
7:40  a.  Til..  June  10.  1907.  Autopsy  performed,  12  noon.  Clinical  Diagnosis: 
"Drink."  erysipelas.  Pathologic  Diagnosis:  Edema  of  lungs;  acute  vegetative 
endocarditis:  cloudy  swelling  of  myocardium;  recent  fibrous  pleurisy;  cloudy 
swelling  of  liver  with  fibrosis;  acute  diffuse  splenic  hyperplasia  with  multiple 
infarcts;  acute  parenchymatous  nephritis. 

Worked  up,  1:30  p.  m.,  same  day.  Abundant  scrapings;  bowel  somewhat  red 
and  injected  on  scraping,  but  not  before;  considerable  loose  superficial  mucoid 
material,  as  though  there  had  been  a  catarrhal  process.  Scrapings  made  consid- 
erable bulk;  six  feet  of  intestine  taken;  0.4  per  cent,  acid,  only  65  c.c.  used 
altogether;  mixture  was  quite  concentrated.  Supernatant  fluid  was  decanted  and 
some  filtered  once  only.    The  remainder  not  filtered  at  all. 

This  preparation  was  questionably  active. 

Case  16. — June  18,  1907.  Intestine  of  Irish  terrier  worked  up;  operation  for 
fistula  to-day  failed;  considerable  scrapings;  150  c.c.  0.4  per  cent,  acid  used;  all 
filtered. 

Observations  on  the  levels  reached  by  the  pancreatic  juice  as  it  flowed  in  the 
canula,  before  and  after  injection  of  secretin.  \Marking5  are  %  inch  apart. 
Canula  about  %  inch  in  diameter. 

April  2,  1907. — Small  Fox  Terrier.     Canula   Used  Here  Contains  Fifteen 

Divisions. 

At  3:34  p.  m.  at  No.  6.     Count  from  3:53,  still  hardly  reached  9  from 

0.     Had  been  between  5  and  6  for  outer  end. 

several      minutes;      flowing     pretty  4:00.  still  at  9. 

steadily   after   original   spurt   until  Secretin,    (Case  2,  J.  C.)   thrown  in. 

within  past  ten  minutes.  4  qq 

3:37,  still  at  6.  4.06^  has  just  passed  9. 

3='*^'  »*  ^-  4:08y,,  has  not  moved. 

3-44'  at  14  4:11, 'at  8^2- 

n-       '    T?r/-.i   iu'           •     J     J               1.  10  C.c.    (Case  2,  J.  C.)   thrown  in  at 

2o   c.c.   HCl   thrown   in  duodenum   at  j   n    /i  *♦  1           •    \ 

3:37;  at  3:40  juice  in  canula  sucked  *-^^    ''"*  '^^  ^"°'- 

out  by  means  of  fine  glass  tube.  4:13,  no  movement. 

3:47    at  ZV .  ^^  c.c.  more  injected   (4:13). 

3:48,  going  slowly.  4:15,   moving  apparently  at  nor- 

3:51,    nearly    5     (nearly    9    from  ma\     rate,    very    slowly,     has     not 

outer  end).  touched  8. 

3:52,  going  slowly  now.  4:20,  barely  at  8. 
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4:21,  25  c.c.  HC.  thrown  in  duod- 
enum. 

4:25,  has  moved  and  left  8. 

4:27,  at  7%,  evidently  moving, 
but  rather  slowly. 

4:28,  apparently  stopping  at  7% 
from  far  end. 

4:29,  at  6. 

4:30,  at  5. 

4:301/2,  at  4. 

4:31,  at  2. 

4:32,  at  1. 


4:33,  at  0,  tube  filled. 

4:331/4,  emptied  to  10  from  outer 

end. 
4:35,  not  quite  to  9. 
4:36,     apparently    stopping    just 

short  of  9. 
4:39,  stopped  at  9. 
4:43,  stopped  at  9. 
Apparently   a   very  faint   reaction   to 
HCl   in  bowel,   probably  because  of 
clot,  but  none  to  secretin. 


April  G,  1907. — Fox  Terrier  Dog,  Operated  On. 


3:11,    tube    nearly    filled;     juice 

hardly  moving. 
3:16,  81/4  from  outer  end. 
3:22,  at  81/4. 
About    3    c.c.    dog   secretin    (Case   3) 
thrown  in,  about  3:25. 
3:30,  at  8. 
3:33,  at  2. 
3:35,  filled  up. 

3 :  36,  sucked  out  to  1 1 ;  tube  filled 

with   air   bubbles   and  efl'ort  to 

remove    them    consumed    some 

moments. 

3:39,  movement   apparently   over. 

3:391/2,  at  9  %. 

3:41,  at  8,  moving  still,  but  moves 

sl-^wly. 
3:43,  nearly  at  7.    First  big  jump 
was   made  in  about  2  minutes. 
3:45,  at  7%. 
3:47,  nearly  at  6. 
3:50.  just  at  6. 
3:511/2,  at  51/0. 
3:54,  at  51/2. 
3:56,  at  514. 
Amounts  were  thrown  in :   were  hard 
to  estimate,  but  the  syringe  held  10 
c.c.     Much  of  it  escaped  behind  the 
plunger,  though  a  few  c.c.  could  be 
seen  going  into  vein. 
4:01,  at  4. 
4:04,  at  31/4. 
4:05,  at  3. 
A    few    minutes    after    first    injection 
another  was  made,  time  not  noted 
in    confusion,    but    about    3:30;    a 
marked    reaction    followed   first   in- 
jection,    promptly,     violently,     and 
about  the  same  time  the  other   (sec- 
ond)   injection  was  given. 


4:10,  at  2.  Moving  quite  uni- 
formly, though  not  .  nearly  so 
rapidly  as  at  height  of  activitv. 

4:131/2,  at  1. 

4:171/4,  tube  filled,  zero. 

4:18,  emptied  to  11. 
Some  secretin   (Case  3)   thrown  in  at 
4:21. 

4:21,  at  914. 

4:22,  barely  at  9. 

4:24,  at  8%. 

4:25,  at   8I/2. 

4:26,  moving  faster  than  it  has 
for  some  minutes,  at  8  now. 

4:2714,  has  passed  8. 

4:29,  "at  71/3. 

4:311/2,  at  6%. 

4:331/2,  at  6  2/5. 

4:35,  at  6. 

4:38,  at   514. 

4:39%,  at  44/5. 

4:45.  emptied  to   10%. 

4:451/2,  nearly  10. 

4:461/,,    at    10. 

4:47,  at  9%.  Same  rate  of  flow 
as  before;    10  c.c.  thrown  in. 

4:48,  at  9  1/5. 

4:49,    at    8. 

4:491/4,   at    7. 

4:501/2,  at  6. 

4:51,   ai  434. 

4:511/2,   at  4. 

4:52,  at  1.     Slight  coughing. 

4:521/,,    tube    filled. 

4:531/2,   sucked  out  to  10. 

4:54,  ~at  9. 

4:541/^,  at  8. 

4:55,   at   7. 

4:56,  apparently  going  a  little 
slower,  at  61^. 
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4:56»/s,   at    5  3/5. 

4:571/2,  at   5. 

4:59,  at  4. 

5:01y2,  at  3. 

5:04,  at  2. 

5:09,  tube   filled. 

5:10,  sucked  out  to  11. 

5:11%,  at   10. 

5:12,  25  c.c,  0.2  per  cent.  HCl 
thrown   into   duodenum. 

f:  131/2,  at  9. 

5:14%,  at  8,  moving  visibly 
faster. 

5:14%,  at  6. 

5:15,  at  4;  2  divisions  in  15  sec- 
onds; tube  overflows  at  5: 15%. 

5:16%,  sucked  out  to  8.  Flow- 
ing faster  than  ever  yet  seen. 

5:17,  tube  filled.  Dog  struggling 
somewhat  from  lack  of  ether. 

5:18%,  at  2. 

5:'l834,  at   1. 


Sucked    out    and    count    made    from 
proximal   end. 
5:19%,  at  0. 
5:19%,  at  1. 

10  seconds  later,  at  2. 
5  seconds  later,  at  3. 
5  seconds  later,  at  4. 
5  seconds  later,  at  5. 
5  seconds  later,  at  6. 
8  seconds  later  at  7. 
5  seconds  later,  at  8. 
5  seconds  later,  at  9. 
Filled  up. 

5:21%,  at  0. 

5  seconds  later,  at  1. 
5  seconds  later,  at  2. 
8  seconds  later,  at  3. 
10  seconds  later,  at  4. 
10  seconds  later,  at  5. 
18   seconds  between   next  mark,  get- 
ting slower. 
Dog  killed,  at  4:25. 


5:19— at  0,  full. 

Results  marked.  Second  injection  did  not  enter  veins  as  they  were  blocked 
up.  Third  injection  of  .secretin  was  made  into  left  leg  by  a  new  opening  and  new 
syringe;  all  went  in,  5  c.c.  Reaction  most  violent  to  the  HCl  in  duodenum;  went 
so  fast  as  to  be  uncountable,  even  when  called  out  by  a  watcher. 

(Dog  secretin  successful;  none  other  tried.) 


April   17,   1907. — Cocker  Spaxiel,  Medium  Sized;  Tube  Introduced  Into  ax 
Opexixg  IX  THE  Paxcreatic  Duct,  Outside  of  Gut. 


4:38,  at  6  from  outer  end. 

4:38%,  at  5. 

4:39,  at  4. 

4:39%,  at   3. 

4:40%,  at  2. 

4:41,  at  1. 

4:41%,  at  0. 
Sucked   out   to   10. 

4:42%  at  9  from  outer  end. 

4:43  at   8. 

4:44,  at  7. 

4:45' 10^  at  6. 

4:46' 50",  at  5. 
Going  slower,  but  moving  constantly. 

4: 48' 20",  at  4  from  outer  end. 

4:50%.   at   3. 
Considerably  slowed. 

4: 53' 45",   at    2    from    outer   end, 
much  slower. 

4:58' 30",  at   1%. 
Sucked  out  to  10%. 

5:00'  30",  at  10  from  outer  end. 


5:02' 15",  just   barely   passed   10, 
going  extremely  slowly. 
4.5     c.c.     secretin     (Case     4,     McM.) 
thrown    in    at    5:02' 30",   into    vein 
of  leg. 

5:07,  moving  very  slowly,  at  9%. 
5:09' 30",  moved   slightly,  nearly 

at  9. 
5: 12' 30",  at  9  from  outer  end. 
5:15,  nearly  past  9. 
5:21' 45",  a't  8%. 
5  c.c.  secretin  (Case  4,  McM.)  thrown 
in  at  5: 22' 30";   5:25  at  8%   from 
outer  end ;  5  c.c.  more  thrown  in. 
5:30,  moving,  but  slowly. 
5:35,  has  barely  reached  8. 
5:40,  has  barely  passed  8. 
5  c.c.   dog  secretin  thrown   into  vein 
of  leg,  at  5:41. 
5:43  at   8. 
5:45,  at  8. 
5:50,  at  7%  from  outer  end. 
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5:54,  at  7^/4,  barely. 

5:54,  5  c.c.  dog  secretin  (Case  5) 
thrown  in. 

5:55,  5  c.c.  more  new  dog  secre- 
tin  thrown    in. 

5:58,  bile  in  large  quantities  ooz- 
ing out;   big  clot  in  canula. 

6:02,  moving  fast,  too  fast  to 
count;  went  7  divisions  in 
about   1   minut€. 

6:04,  at  2  from  end. 

6:05,  quieting  down,  but  moving. 

6:05,  tube  full. 

6:05,  sucked  out  to  71/3. 

6:07,  at  7  from  outer  end. 

6:071/2,    at    61/2- 

6: 08' 20",   at   4. 

6: 08' 20",  at  3. 


6: 08' 50",   at   2. 

6:0y  30",  at   1. 

6: 10' 30",  nearly  full,  sucked  out 
to  17. 

6:141/0,  at  14. 

6:16,  at  9%  from  outer  end. 

6: 16' 30",   at   9. 

6:171/0,  at  8. 

0:181/2,    at    7. 

6:20,  at  6. 

6:2134,  at  6. 
Secretion  at  bottom  of  tubsat  6:32i4. 
5  c.c.  human  secretin  thrown  in  then. 
5  c.c.  more  human  secretin  thrown  in 

at  6:331/2. 
6:42,      bile       flowing      furiously 
through  canula  introduced  into 
common  bile  duct. 


In   the   light   of  later  experiments,   clots   in   canula   evidently   prevented   good 
action,  but  the  dog  secretins  seemed  to  cause  a  reaction. 

Xo  conclusions  based  on  such  responses  as  the  above,  however. 


April  18,  1907. — Shall  Fox  Terrier. 


3:081/1.,  at  31/3  from  outer  end. 

3:09.  at  u. 

3: 09' 50",  at  10. 

3: 10' 12",  at  11. 

3:11,  at   121/3. 

3:11' 20",  at   13. 

3:12.  at   14. 

3:12' 50",  at   15. 
5  c.c.  dog  secretin   (Case  5),  at  3:14; 
going  slowly  at  3:14. 

3: 14' 30","  at   16. 

3:15,  moving  faster. 

3: 15' 30",  at   18. 

3: 15' 45",  at  19,  marked  response. 

3:16',  at  20,        marked  response. 

3:16' 16",  at  21,  marked  response. 

3: 16' 30",  at  22. 

3: 16' 42",  at  23. 

3:17.  at  24. 

3:17' 15",  at  25. 

3:17' 43",  at  26. 

3: 18' 30",  at   27;   slower. 

3:19' 10",  at  28. 

3: 19' 57",  at  29. 

3: 21' 45",  at  30. 
Sucked    out    to   25    at   3:22;    moving 
slowly  at  2: 23' 30". 

3:24,  just  over  25. 


"^ 


y. 


5    c.c.    human    secretin    (Case 
MeMO  thrown  in  at  3:24. 

3: 24' 23",  at  26. 

3:25,  at  27. 

3: 26' 08",  at  28. 

3:26' 50",  at  29   (sucked  on). 

3:27' 50",  at  30. 
Sucked  out  to  241/2,  at  3:28' 30". 

3: 30' 30",  at  25. 
5  c.c.  new  Jog  secretin    (Case  5) 
thrown   in  at  3 :  30'  45". 

3:31'30".  at  26. 

3: 32' 40",  at  27. 

3: 32' 50",  at  28    (fast). 

3: 33' 08",  at   29.  J 

3: 33' 25",  at  30. 

3: 33' 50",  at  31. 

3:34' 16",  at  32. 

3: 34' 40",  at  33. 

3: 35' 08",  at  34,  slower. 

3: 35' 38",    at  35. 

3 :  36'  08",  at  36,  slowing  to  normal. 

3:37' 16",  at  37. 

3: 38' 30",  at  38. 
Sucked  out  to  25,  at  3:39. 

3: 39' 50",  at  25%. 
5  c.c.  dog  secretin  (Case  3)  thrown  in 
at  3:40. 

3: 40' 30",  at  27. 

3: 40' 50",  at  28,  fair  response. 
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3:41'  10",  at  20,  fair  response. 

3:41' 43",  at  31,  fair  response. 

3:42',  at  32. 

3:42' 20",  at  33. 

3:42' 42",  at  34. 

3:42' 10",  at  35. 

3: 43' 40",  at  30,  slower. 

3:44' 18",  at   37,  much  slower. 

3:44' 52",  at  38. 

3:46' 05",  at  39,  very  slow. 
Sucked  out  to  24. 

3: 49' 00",  at  24. 

3:50' 15",  at  24%. 

3: 50' 30",  at  25. 
5    CO.    human    secretin     (Case   4)    at 

3: 50' 45". 
5  c.c.  more  human  secretin   (Case  4) 
at  3:51' 30". 

3:51' 52",  at  26. 

3:52' 40",  at  27. 

3: 53' 50",  at  28,  slow,  apparently 
stopped. 

3:57' 30",  at  28y,,  hardly  mov- 
ing: sucked  out  to  below  lowest 
gradation. 

About  2  divisions  below  at  4  p.  m. 

Moved  about  %  division  at  4:02 
p.  m. 
5    c.c.     dog    secretin     (Case    5)     at 

4:02' 30". 
5  c.c.  more  ( Case  5 )  at  4 :  03'  20". 

4:03' 30",  at  1,  fast. 

4: 03' 50",  at  2,  fast. 

4:04' 05",  at  3,  fast. 

4: 04' 08".  at  4,  fast. 

4:04'  15".  at  5,  fast. 

4:04' 20".  at  6,  fast. 

4:04' 25",  at  7,  fast. 

4:04"  30",  at  8,  fast. 

4:04' 38",  at  9. 

4:04' 45",  at  10. 

4: 04' 48".  at  11. 

4: 04' 5.3",  at  12. 

4:06' 00",  at  13. 

4:06' 10",  at  14. 

4:06' 15",  at  15. 

4:06' 20",  at  16. 

4:06' 25".  at  17. 

4:06' 32",  at  18. 

4:06' 38";  at   19. 

4: 06' 47",  at  20. 

4:06' 54",  at  21. 

4:07',  at  22. 

4: 07' 07",  at  23. 

4:07' 19",  at  24. 


4:07' 25",  at  25. 

4:07' 37",  at  26. 

4: 07' 48",    at  27. 

4:07' 58",  at  28. 

4:08' 10",  at  29. 

4:08' 28",  at  30. 

4:08' 40",  at  31. 

4:08' 51",  at  32. 

4:09.  at  33   (dog  moved). 

4: 09' 07",  at  34. 

4:09' 18",  at  35. 

4: 09' 27",  at  36. 

4:09' 36",  at  37. 

4:09' 47",  at  38. 

4:10',  at  39,  full  up. 
Sucked  out  to  0,  at  4: 10' 30". 

4:11' 10",  at  3. 
Pencil  dropped. 

4:11' 30",  at  5. 

4:11' 45",  at  6. 

4:12',  at  7. 

4:12' 18",  at  8. 

4: 12' 34",  at  9. 

4: 12' 55",  at  10. 

4:13' 12",  at  11. 

4: 13' 37",  at  12. 

4: 13' 53",  at  13. 

4: 14' 25",  at  14. 

4: 14' 50",  at  15. 

4:15' 13",  at  16. 

4: 15' 44".  at  17,  slowing  down. 

4: 16' 20",  at   18. 

4: 16' 57",  at  19. 

4:17' 55",  at  20. 

4: 18' 48",  at  21. 

4: 19' 45",  at  22   (normal  rate). 

4:21' 25",  at  23. 
Bile  duct  now  exposed,  4:22:   canula 
put  in  duct. 

4:30,  flow  of  bile  almost  station- 
ary in  tube. 

4 :  32'  20",  5  c.c.  human  secretin 
thrown  in. 

4:33'  30",  bile  moving  verv  slight- 
ly. 

4:;i4,  faster  (?). 

4:37,  pancreatic  flow  not  changed. 

4:38,  apparently  slower  flow  of 
bile  (no  marks  on  tube  in  bile 
duct). 

4:39,  new  dog  (Case  5)  thrown  in. 

4:40,  pancreatic  juice   stationary 
at  29. 
5  c.c.  more  secretin  at  4: 40' 30*. 
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Little   or   no   result   from   human   se- 
cretin on  bile;   none  on  pancreas. 
4:41' 30",    sucked    out;    pancreas 
started  to  flow  slightly;  3  divis- 
ions. 
Pancreas  started  up,  rapidly  moving; 
as  before,  too  fast  to  put,  down. 


10  divisions  to  30  seconds,  at  4:43'  30". 
Stomach    contents    furiously    pouring 

out  at  4:43. 
Pancreas,  314  divisions  in  30  seconds. 
4:45  p.  m.,  slower,  no  evident  ef- 
fect on  bile  in  canula. 
4:50,  dog  killed. 


April  27,  1907. — Fairly  Large  Woolly  Dog. 


No    movement    at     12     noon,    at 

mark  3. 
No  movement  at  12:01' 20". 
Very  old  dog  secretin  (Case  3)  thrown 
in,  12:10,  with  no  result. 

12:33' 30",    HCl    introduced    into 

bowel,  juice  stands  at  1. 
12:38,  no  movement. 
12:41,  at  2,  hardly  moved  at  all. 
12:43,  at  21/4,  just  barely  moving. 
12:51,  barely  moving,  after  suck- 
ing, etc.;  now  at  9%. 
Gall  bladder  not  over  full;  little  bile  in  guts;  no  food  except  in  rectum. 
No  response;  evidently  due  to  invisible  clots  or  some  undetermined  factor. 


12:53' 30",  at   10,  peristalsis  act- 
ive. 
12:56,  at  10. 
12:57' 30",  at  lOy,. 
1:03,  barely  moving. 
1 :  03'  30",  5  c.c.  new  dog  secretin 
(Case  5). 
Fluid  bloody  since  start. 
1:10,  hardly  at  11. 
1:15,  dog  killed. 


April  28,  1907. — Small  Bitch,  Size  of  Fox  Terrier. 


Duet   opened   instead   of   gut;    canvila 

directly  in  duct. 
Juice  clean  and  runs  freely  at  once. 

Ran  to  19,  and  then  slowed  down 
at  11:47. 

11:50' 30",  at  23. 

11:51,  at  24. 

11:52,  at  25. 

11:52' 10",  at  26. 

11:52' 45",  at  27. 

12:02,  sucked  out  to  0. 

12:03,    4    c.c.    new    dog    secretin 
(Case  5)    injected,  right  thigh. 

Level  constant,  practically  at  0. 

16     divisions    to     %     minute     at 
12: 03' 50". 

Too  fast  to  count,  reaction  in  less 
than  45  seconds. 

Full  up  at  12: 04' 45". 

12:04' 45",  at  35.  * 

Sucked  out  to  0,  at  12:06. 

12:06' 20",  at  10. 

12106' 50",  at  20. 

12:07' 08",  at  25. 

12:07' 30",  at  30. 

12:08,  at  35. 
Sucked  out  to  0. 

12: 09' 08",  at  5,  slower. 


12:09' 50",  at  10. 

12: 10' 55",  at   15. 

12: 12' 20",  at  20,  slower. 

12: 14' 40",  at  23,  very  slow. 
Sucked  out  to  0,  at  12:15. 

12: 16' 05",  at  1. 
5    c.c.    secretin    (Case    6,    E.    B.),    at 
12:17. 

12:19,  no  movement. 

12:20,  at  3. 

12:21' 40",  at  4. 

12:23' 30",  at  5. 
5   c.c.   old   dog   secretin    (Case   3)    at 

12:24' 30". 
First  movement  at  12:25. 

12:25' 10",  fast. 

12: 2.5' 40",  at  20. 

12: 26' 03",  at  25. 

12:26' 40",  at  30. 

12: 27' 08",  at  35. 
Sucked  out  to  0  at  12:27'  30". 
Slowing. 

12:29' 50",  at  5,  slowing. 

12:30' 40",  at  6,  slowing. 

12:31' 15",  at  7,  slowing. 
Almost  normal  rate  now. 

12:32,  at  9. 
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12:32' 15",  5   c.c.    secretin    (Case 

6,  E,  B.)  thrown  in. 
12:33,  at  10. 
12:34,  at  11. 
12:35' 20".  at   12. 
12:36' 30",  at  13. 
12:37' 20",  at   14. 
12:38',  at  15. 
12:39' 30",  at  16. 
12:40' 45",  at  17. 
12:42' 05",  at  18. 
Sucked  out  to  0,  at  12:42'  45". 

12:43' 20",  5  c.c.  new  dog  secretin 

( Cas«  5 ) . 
12:43' 55",  first  slight  movement. 


12:44' 20",  at  5. 
12:44' 30",  at   10. 
1:^:45',  at  20. 
12:45' 29",  at  25. 
12:46' 45",  about  full. 
Good    marked    reaction,    but    not    so 
violent,  though   just  as  prompL   as 
first  new  dog. 

12:51' 30",  at  4Vj. 
5  c.c.  0.2  per  cent.  HCl  injected  into 
vein  at   12:51' 40". 
12:52' 40",  at  6. 
Xo  movement. 

12:55' 25",  at  7. 
Dog  killed. 

Almost  nothing  in  the  small  intestines,  except  bile:  a  few  stray  strands  of 
yellow  feces,  a  few  hard  feces  in  rectum;  considerable  bile  in  gut.  Gall  bladder 
not  so  filled  as  in  dog  of  April  27,  1907. 


May  2,  1907. — Small  Browx  Terrier.  Well  NorRisHED. 


4: 55' 45",  at  lO^^- 

4:5i  ,  at  lly,. 

4:58,  at  12.  " 

5:00,  at  I314,  pretty  constant  and 
slow. 

5:01' 40",  at  14. 

5: 04' 30",  at  15. 
Starting  anew,  flow  constant  and  slow, 
5  c.c.  newest  dog  secretin    (Case  7) 

left  leg,  at  5:05' 15". 
Flow  started  at  5:06. 
Going  very  fast  at  5:06'  10". 
Full  at  5i07. 
Sucked  out  to  0  at  5:07' 15". 

5:07' 30",  at  5. 

5:07' 50",  at  10.  slower. 

5: 08' 20",  at  15. 

5:08' 55",  at  20. 

5: 09' 45",  at  25. 

5:11,  at  30. 

5:14' 30",  slow,  and  5  c.c.  secretin 
(Case  6,  E.  B.)  thrown  in. 


5:14'4o',  at  2. 
Xo  movement  at  -5:17;  no  reaction. 
Xo  movement  at  5: 18' 30". 
Xo  movement  at  5:19'  30",  only  nor- 
mal   rate,   very    slow;    no    reaction 
five  minutes  later. 
5»c.c.  very  old  dog  secretin   (v>a.se  3) 
thrown  in,  5: 19' 50". 

5:20,  at  4. 
First  movement  at  5: 20' 07". 

5:20' 54",  at  20. 

5:21' 20",  at  25. 

Marked  reaction. 

5:21' 37",  at  30. 

5:21' 52",  at  35,  slower. 
Sucked  out  to  0. 

5: 22' 24".  at  5. 

5:23',  at  10. 
Much  slower  now. 

5:23' 35",  at  15. 

5:26,  slowed  to  almost  normal. 

5: 26' 50",  at  20. 


May  5.  1907. — Small  Black  Bitch. 


12:39' 35",  juice  at  0,  and  5  c.c. 

Case  3   (very  old  dog)   secretin 

thrown  in. 
Barely  moving. 

12:40' 33",  first  movement. 
12:41' 07",  at    5    )  Not   so   fast   as 

^^^i.^' '^'K"  nt  in     >-asual:    a    small 
1_. 41  o^, at  lu    r^i^j    visible    In 

12:42'  30",  at  15     '  tube :  moving  on. 
Verv  slow. 


12:45' 20",  at   16. 
12:46',    5    c.c.    very   old    dog   se- 
cretin   (Case  3)   different  flask, 
thrown  in. 
12:46' 20",  at  I614. 
First  movement  at  12:47' 28". 

12:48' 42".  at  20. 
Very  slow,  but  e\idently  accelerated. 
'l2:49'21".  at  21. 
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12:50',  at  22. 
12:50' 30",  at  23. 
12:51' 03",  at  24. 
12:51' 27",  at  25. 
12:52' 15",  at  26. 
12:54' 20",  at  27 1^. 
Sucked  out  to  5. 

12:55' 30",   at   5,   not   moving. 
12:56'  10",  10  c.c.  human  secretin 
(H.    Z.,    Case    8)     thrown    in, 
right  hind  leg. 
12:58' 10",  at  6. 
1:00',  at  7. 
Xo  movement. 

1:04',  at  8. 
Not  moving  visibly. 
10  c.c.  old  dog  secretin  of  a  dilution 
of    1    to    4     (2    c.c.    secretin,    8    c.c. 
HoO,  distilled)   thrown  in  then. 
1:11' 30",  at  9   1/5. 
Xo  movement. 

10  c.c.  dilution   of   1   to   1    (5  c.c.   se- 
cretin,  old   dog)    to   5   c.c.   distilled 
water,  thrown  in   at   1 :  14'  45". 
1:14' 30",    at  9  1/5. 
First  movement  at  1:16' 30".         , 
1:16' 45",  at   10. 
1:17' 20",  at  11. 
1:18' 15",  at  12. 
1:18' 57",  at  13. 
1:19' 40",  at  14. 
1:20' 15",  at   15. 
1:21' 45",  at  16. 
1:22' 50",  at  18. 
1:24'  10",  at  19. 
1:25' 20",  at  20. 
1:26' 50",   at   21. 
1:30' 45",  at  22%. 
5  c.c.  very  old  dog  secretin,  first  flask, 
thrown  in  at  1:31' 25". 
1:32' 40",  at  23. 
1:33' 10",    moved    visibly,    very 


1:34' 10",  at  24. 

1:34' 50",  at  25. 

1:36' 15",  at  26. 

1:35' 30,  at  27. 

1:35' 50",  at  28. 

1:36' 16",  at  29. 

1:37' 10",  at  30  (irregular  men- 
iscus ) . 

1:37' 40",  at  31. 

1:38' 35",  at  32. 

1:39,  at  33. 
Sucked  out  to  3. 

1:39' 45",  at  3. 

1:40' 15",  at  4. 

1:42' 05",  at  5. 

1:43' 15",  at  6. 

1:47'  15",  at  7,  nearly. 
10  c.c.    (Case  8,  H.  Z.)   thrown  in  at 
1:47' 48". 

1:49' 07",  at  7. 

1:50' 30",  at  8. 

1:50' 50",  at  9. 

1:51' 15",  at  10. 

1:5.2' 15",   at    11    almost    (upper 
meniscus). 

1:52' 35",  at   11. 

1:53' 03",  at  12. 

1:53' 30",  at  13. 

1:54' 40",  at   14. 

1:56' 25",  at  141/3. 

1:57' 30",  not  yet  15. 
5  c.c.  secretin   (Case  8,  H.  Z.)  thrown 

in  at  1:57' 50". 
5  c.c.  more  secretin    (Case  8,   H.  Z.) 
thrown  in  at  1:59'  10". 

1:59' 20",  at  18. 

1:59' 40",  at  19. 

2:00' 18",  at  20. 

2:01' 10",  at  21. 

2:01' 50",  at   22. 

2:02' 45",  at  23. 

2: 04' 50",  at  24. 


slightly. 

Tavo  distinct  responses,  of  the  human,  equal  or  almost  equal  to  the  dog.  Re- 
action of  dog  to  all  stimuli  very  slight,  relatively,  to  most  dogs  tried  so  far;  the 
reaction  was  slow  to  set  in  and  seemed  to  gather  speed  slowly  and  to  last  longer 
proportionately  for  the  speed,  though,  perhaps,  the  delayed  response  accounted 
for  that. 

Slight  amount  of  yellowish  fluid  in  upper  part  of  gut  and  slight  amount  of 
dark  green  feces  throughout  bowel,  but  practically  nothing  of  consequence. 
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May 


I'Mi: 


1 1! I-.!!  Terbier,  Fairly  Good  Size.    Caxula  ly  Duct, 
Not  in  Gut. 


2:0r  10",  at   5. 
2:02' 05",  at   10. 
2:03' 13",  at  15. 
2:07' 30",  at  20. 
Going    much    slower    after    the    usual 

initial  spurt. 
Sucked  out  to  0  at  2: 12' 50". 

2: 10' 30".      practically      stopped, 

hardly  at  1. 
2: 13' 45",  at  1    (hardly  there). 
2:14' 10",  5  c.c.    (Case  7)   newest 
dog  secretin  in  right  thigh. 
First  movement  at  2: 15' 20". 
2:1G'10",  at  2,  very  slow. 
2: 17' 40",  at' 3,  very  slow. 
Ver\-  atypical  response. 

"2:20' 30".      at       3        (practically 

stopped ) . 
2:20' 40",   10  c.c.    (Case  7)    new- 
est dog. 
2: 22' 30",  started. 
2:22' 35",    at    5,    response    better 
than  last,  but  slow. 


2: 22' 50",    at    6,    response   better 

than  last,  but  slow. 
2:23' 58.  at  8. 
2: 25' 25",  at  9. 
Slowing  down  much. 
2: 40' 45",  at   11 1/2- 
2:43' 15".  at   12. 
10   c.c.   secretin    (Case  8,   H.   Z.)    at 

2:43' 15". 
No  response,  same  flask  as  last  time. 
10    c.c.    (Case    3)    very    old    dog,   at 

2:51' 50". 
A  response  from  this,  faster  than  be- 
fore, but  not  fast.     However,  tube 
filled  up. 
Sucked  out  to  zero. 

2:59,  at  0. 
10   c.c.    secretin    (Case   9,   E.   F.)    at 

2:. 59' 30". 
Moving  at  same  rate  at  3: 00' 30". 
Clot    in    canula,    apparently   of   juice 
chieflv. 


Second  Dog. — Small  Fox  Terrier  Bitch. 


5  c.c.    (Case   8)    newest   dog  secretin, 
at  3:33.    Juice  at  bottom  of  canula. 
Response  at  3:34. 
Going  fast  at  3: 34' 45". 

3: 35' 05",  at  5. 

3: 35' 30",  at  7. 

3: 35' 42",  at  8. 

3: 36' 09",  at  9. 

3: 37' 22",  at  10. 

3: 37' 36",  at  11. 

3: 37' 40",  at  12. 

3: 37' 52",  at  13. 

3: 38' 08",  at   14. 


3: 38' 53",  at  15. 

3:39' 10",  at  16. 
Slower. 

Sucked  out  to  0,  at  3:40. 
Gfood  response. 

3:41' 25",  at  1. 

3: 42' 30",  at  1  1/5. 
10  c.c.    (Case  9,   E.    F.)    secretin   at 

3: 42' 55". 
No  response. 

Clogged  up,  large  red  clot  in  tube  and 
vessels. 
Pancreas  seems  sclerosed. 


May  9,  1907. — Fox  Terrier  Bitch,  Thin  and  Rather  Small. 


2: 15' 50",  at  0. 

2: 16' 20",  at  1. 

2: 17' 45",  at  2. 
Very  little  initial  spurt. 

2:21' 30",  at  2. 
5  c.c.  newest  dog  (Case  7)  secretin  at 

2: 21' 45". 
First  movement  at  2:22' 25". 

2:22' 30",  at  5. 

2:22' 39",  at  10. 


2:22' 50",  at  15,  too  fast  to  count 

and  jot  down. 
2: 22' 55".  at  20,  too  fast  to  count 

and  jot  down. 
2: 23' 00",  at  30,  too  fast  to  count 

and  jot  down. 
Sucked  out  to  3. 
2:23' 25",  at  5. 
2:23' 40",  at   10. 
2: 24' 00",  at  15,  slower. 
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2: 24' 32",  at  20. 

2: 25' 05",  at  25. 

2:26' 38",  at  29. 

2 :27'  26",  at  30,  about  normal  rate. 
Sucked  out  to  3. 

2:30,  at  31/3. 

10  c.c.  secretin    (Case  7,   H.  Z.) 
at  3: 30' 20". 
First  movement  at  2:31. 

2:31' 04",  at  5. 

2: 31' 45",  at  10. 

2: 32' 25",  at  12%. 

2: 32' 40",  at  13. 

2:33' 07",  at  14. 

2:34' 10",  at  15. 

2: 35' 38",  at  16. 
10  c.c.  secretin   (Case  9,  E.  F.)    first 
unfiltered,  supernatant,  at  2 :  36'  20". 

2:38' 10",  at  17,  same  rate. 
No  response.  Result  of  both  injec- 
tions clear. 
Tirst  tuberculous  case  (H.  Z. )  gave  a 
distinct  response,  slower  than  dog 
and  apparently  not  quite  so  soon 
(though  see  figures). 

2:44' 30",  at  18    (constant). 
10  c.c.  secretin  (Case  9,  E.  F.),  treated 
with  both  HCl  and  alkali,  etc. 

2:47' 25",  first  movement. 

2:48' 48",  at  19,  no  response. 

2:49' 52",  at  20,  no  response. 

2:53' 40",  at  21  (nearly)  no  resp. 
10  c.c.  newest  dog  secretin    (Case   7) 

again  at  2: 54' 34". 
First  movement,  at  2 :  55'  25". 

2:55' 38",  at  25. 

2: 55' 48",  at  30. 

2: 55' 53",  at  35. 
Lost;  too  fast  to  count. 

2:56' 10".  at  10. 

2:56' 18",  at  15. 

2: 56' 26",  at  20. 

2.56'  34",  at  25. 

2: 56' 45",  at   30. 

2:56' 57",  at  35. 
Sucked  out  to  3. 

2:57' 12",  at  5. 

2: 57' 52",  at   10,  slower. 

3: 02' 45",  at  12. 
10  c.c.    (Case  9,  E.  F.)    squeezed  and 
filtered,  at  3: 03' 20". 

3: 06' 25",  at  13,  no  response. 

3: 09' 00",  at  131/2. 
10  c.c.  secretin    (Case   8,  H.  Z.)    late 
filtrate,   injected   at   3:11' 30". 


At  time  of  injection,  juice  not  moved 

from  131/2. 
First  movement  at  about  3: 13' 40". 
3:13' 10",  at  15. 
3: 13' 48",  at  16. 
3: 15' 04",  at  17. 
Slight   response,   less   than   the   other 
from  same  case,  but  distinct. 

3: 17' 25",    10   c.c.    secretin    (Case 
8)    earlier   than   last,   but   per- 
haps   later    filtrate    than    that 
first  injected. 
3: 19' 15",  at  18. 
3:24' 55",  at  19,  no  response. 
10    c.c.    secretin    of    (Case    9,    E.    F.) 
later  filtrate,  over  night,  at  3 :26'35". 
3: 28' 00",   at   I91/3;    no  response. 
10  c.c.  very  old  dog  secretin   (Case  3) 

at  3: 29' 35". 
First  movement  at  3 :  30'  35". 

3: 30' 58",  at  20,  active;  prepara- 
ration  must  be  some  5  or  more 
weeks  old. 
3:31' 13",  at  30. 
Sucked  out  to  3. 
3:31' 38",  at  5. 
3: 32' 07",  at  10. 
3: 32' 5.5",  at  13 1/2. 
3:34' 00",  at  16,  slowed  down. 
3: 35' 03",  at   17. 
10  c.c.  of  a  solution  made  up  of  HCl, 
NaOH   and   CH3COOH   in   the   pro- 
portions   used    in    making    secretin 
extracts,  was  injected  at  3 :  35'  40". 
No  response. 

3:46',  at  19. 
10  c.c.  most  active  flask  of    (Ca.se  8, 
H.      Z. )       heavy      precipitate,      at 
3:47' 10". 
First  movement,  at  3:48' 55". 
3: 50' 20",  at  20. 
3:54' 15",  at  21. 
Very  slow  response,  if  any,  probably 
the  slightest  possible. 
3:56' 15",  at  2I1/3. 
10  c.c.   (Case  8)  much  alkali  and  acid, 
'  at  3: 56' 47". 

3:59' 10",  at  23. 
4: 00' 45",  at  24. 
A  response,  but  not  great.     Curiously, 
the   preparation  first  used  just  be- 
fore  this  did  not  act,  when   it  did 
earlier  in  the  day. 
4:04'.  at  25. 
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10  c.c.  newest  dog   (Case  7)   secretin  4: 07' 05",  at  8. 

at  4:04' 15".  4:07' 20",  at  9. 

Tube  sucked  out  to  4V3.  4:07' 33",  at  10. 

First  movement  at  4:06' 28".  4:07' 58",  at  11. 

4:06' 29",  at  5.  4: 08' 50",  at  12. 

4: 06' 50",  at  7. 

Distinct  response,  but  not  so  marked  as  before.  Does  the  general  condition  of 
the  dog  account  for  it?  At  one  time  she  nearly  died  from  too  much  ether.  Canula 
worked  beautifully  to-day  and  no  clot  in  end. 

None  of  the  E.  F.  (Case  9)  preparations  worked.  Several  of  Case  8  prepara- 
tions worked.  None  of  the  Case  9,  E.  F.,  preparations  were  put  in  Arnold  ster- 
ilizer. 

The  preparation  (Case  9)  marked  "much  alkali  and  acid"  was  one  carried 
somewhat  beyond  neutrality,  and  then  brought  back  to  relatively  strong  acidity 
to  get  out  all  possible  proteid.     It  worked. 

Stomach  full  of  well  digested  fluid  and  food.  Upper  part  of  intestine  contains 
some  light  yellow  food,  then  becomes  pretty  free  and  further  down  contents  are 
fecal  in  nature  and  pretty  profuse.  Bowel  therefore  much  fuller  than  with  recent 
dogs.  (Last  two  not  examined,  but  not  fed  beforehand;  this  one  was,  at  10:45 
a.  m.) 

Mat  21,  1907.— (1)  Small  Fox  Terrier. 

A  failure,  as  canula  would  not  go  in  and  tissues  became  tx)o  bruised  and  torn 
to  be  of  any  use. 

(2)  Large  Puppt,  Setter  Type. 

4:30,  at  %.  4:37' 30",  very  slow. 

4: 30' 25",  at  1.  4:38',  barely  at  4. 

4:31' 10",  at  2.     Divisions  are  14       5  c.c.  dog  secretin  of  April  17   (Case 

inch  instead  of  ^^  inch.  5)  at  4: 39' 30". 

4:32' 30',  at  3,  usual  initial  flow  Not  yet  4. 

followed  by  decrease. 
Both  failures,  mechanically.     Pancreatic  duct  of  second  dog  branched  so  early 
that  the  common  duct  was  too  short  to  allow  of  satisfactory  tying  in  the  canula. 
In  both  dogs  the  canulae  were  introduced  outside  of  bowel ;  bowel  not  opened. 

Mat  22,  1907. — Fox  Terrier  Bitch. 

Juice   flowing  fast  when   canula   first  Sucked  out  to  2. 

put  in.     Marks  on  canula  about  %  3: 14' 30".  at  2. 

apart.  5    c.c.    secretin     (Case    10,    K.    W.) 

3:00  p.  m.,  at  %.  filtered. 

3:01'30",  at  1.  3:15' 00".  at  2^4. 

5  c.c.   secretin   Case  5    (dog  of  April  3: 18' 30",  at  3,  no  response. 

17)  thrown  in  at  3:02' 20".  5  c.c.  secretin  (Case  10,  K.  W.)  super- 
First  movement,  at  3: 02' 50".  natant,  at   3:19' 50". 

3 :  03'  30",  at  3.  3 :  22'  45",    no    response,   juice    at 

3: 03' 53",  at  4.                                   ,  SVg. 

3:04' 15",  at  5.  3:24' 30",  5  c.c.   same  active  dog 

3:04' 40",  at  6.  secretin  of  April   17    (Case  5) 

3:05' 10",  at  7.  thrown  in. 

3:06' 12",  at  8.  3:27' 30",  apparently  no  response, 

3:07' 35",  at  9.  though  canula  sucks  as  though 

3: 09' 35",    at     10,    much     slowed  not  blocked  up. 

down.  3:28' 30".  at  4. 
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3: 34' 50",   10  c.c.   dog  secretin  of 
April  17,    (Case  5);  level  only 
at  41/3. 
Respiration  affected. 

3 :  36'  20",  first  movement. 

3: 36' 35",  at  5. 

3:37' 15",  at  6. 

3: 38' 25",  at  7    (slower,  though  a 

distinct  response). 
3: 40' 45",  at  8. 
A     thrombus     in     canula     may     have 
slowed  flow.    Also  left  leg  vein  may 
have   thrombosed   or   injection   may 
have   been    in    artery.      Last    active 
injection   made   into    right   jugular. 
3:44' 30",  at  9. 
10    c.c.    calf    secretin     (Case    11)     at 
3:44' 35". 

3:45' 40",  first  movement. 
3:45' 52",  at  10. 
3: 45' 59",  at   11. 
3: 45' 06",  at  12. 
3:46' 12",  at  13. 
3:46' 18",  at  14. 
3: 46' 22",  at   15.     • 
3: 46' 26",   at    16. 
Juice  now  dropping  into  test  tube  to 
be  saved  for  another  purpose.     The 
clot    above    mentioned    was    pushed 
out ;  juice  viscid. 
Sucked  out  to  2,  at  3:49'  10". 

3 :  50'  05",  at  6 ;  still  very  fast. 
3: 50' 55",  at  7,  slower. 
3:53',  just  over  8. 
10   c.c.   sheep   secretin    (Case   12)    fil- 
tered and  supernatant,  at  3:53'  15". 
3: 54' 05",  first  movement. 
3:54' 10",  at  12. 
3: 54' 20",  at  15. 
Filled. 

Violent  reaction. 
Sucked  out. 

3:55'  13",  at  8,  slower. 
3: 55' 23",  at  9. 
3: 55' 33",  at   10. 
3: 55' 45",  at  11. 
3: 56' 06",  at   12. 
3: 58' 20",  at  16,  full  up. 
Slowing,  but  violent  response. 
Sucked   out,   and   at   4:04  has   ceased 
flowing  and  stands  at  2. 

4:09' 00",  at  2  1/6,  hardly  moved 

at  all. 
4:19',  at  214. 
Sucked  out  to  nearly  1. 


10  c.c.  calf  secretin  (Case  11)  filtered, 
injected  at  4:27'  15"  to  see  if  canula 
clear. 

4:27' 40",   response    as   before. 

4:29' 15",  at  3    (started  at  about 
4: 28' 55"  or  so). 

4:29' 43",  at  5. 

4:29' 57",  at  6. 

4:30' 12",  at  7,  much  slower  than 
first. 

4: 30' 30",  at  8,  much  slower  than 
first. 

4: 30' 43",  at  9. 

4: 30' 54",  at  10,  response. 

4:31' 10",  at   11,  dog  has  been  in 
poor  shape  for  some  time. 

4:31' 28",  at  12. 

4:31' 45",  at  13. 

4:32' 10",  at  14. 
Slower. 

4: 33' 08",  at  15,  much  slower. 
10  c.c.  sheep  secretin  (Case  12)  super- 
natant,   injected   through   gut   wall 
into    duodenum    above    pancreas    at 
4:38,  and  then  10  c.c.  more. 

4: 37' 30",  at  3   2/5,  hardly  mov- 
ing. 

4: 38' 45",  at  3  3/5. 

4: 40' 30",  at  4. 

4:48',  at  4^4,  no  response. 
10  c.c.  secretin   (Case  10,  K.  W.)   fil- 
tered and  squeezed  and  filtered,  in- 
jected into  carotid. 

4:49' 15",  at  6. 

4: 49' 23",  at  7. 

4: 49' 30",  at  8. 

4:49' 50",  at  9,  response. 

4: 50' 05",  at  10. 

4: 50' 29",  at  11. 

4:51',  at  12. 

4: 52' 20",  at  13. 

4:54' 20",  nearly  14. 

4:55',  at  14  3/5. 
Sucked  out  to  2^4,  almost  constant. 
10  c.c.  supernatant  secretion  (Case  10, 
K.    W.)    at   4:58' 30"    (dog   nearly 
dead ) . 

4: 58' 40",  started. 

4:59',  at  6. 

4: 59' 07",  at  7. 

4: 59' 25",  at  9. 

4: 59' 32",  at  10. 

4: 59' 48",  at  11. 

5: 00' 00",  at  12. 

5:00' 18",  at  13. 
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5:00' 50",  at  14,  slower. 
Distinct  response. 
Sucked  out  to  2,  at  5:05. 
10  c.c.    secretin    (Case  4,  McM.) 
5:05' 50",  juice  at  2%  then. 

5: 06' 20".  at  3. 


at 


Apparently  no  response. 

10    c.c.    odf   secretin    (Case 

5: 09' 45', 
Response  relatively  mild. 
Dog  killed. 


11)    &t 


May  31,  1907. — Small  Male  Puppy,  Bcll  Type. 


12:47' 10",   at    1    (marks   Vi    inch 

apart). 
12:50,  at  2^3,  partly  by  sucking 
through    fine    tube    introduced 
into  canula. 
Flowing  very  slowly. 
5  c.c.  secretin  of  Case  13   (setter  dog 
kept  on  ice)  at  12:52' 50",  in  right 
jugular. 

12:53' 15",  at  3. 
Started  in  about  twenty  seconds  or  so. 
12:53' 48",   at  4. 
12:53' 57",  at  5,  response. 
12:54' 10",  at  6. 
12:54' 24",  at  7. 
12:54' 42",  at  8. 
12:55' 08",  at  9. 

12:57',  at   10,  slow  and  possibly 
plugged  up. 
Small    plug    removed    by    making    a 

"cork  screw"  out  of  catgut. 
Sucked  out  to  9. 

5  c.c.  more  secretin  Case  13  put  in,  to 
wash  out  canula. 

1:03' 10",  5  c.c.  more  secretin  of 

Case  13. 
1:04' 08",  moved. 
1 :04'  24",  at  14,  too  fast  to  count. 
1:04' 32",  at  15.  . 
1:04' 42",  at  16. 
1:04' 52",  at  17. 
1:05' 02",  at  18. 
1:05' 13",  at  19. 
1:05' 28",  at  20. 
1:05' 33",  at  21. 

Full. 
1 :09,  still  moving. 
Sucked  out  to  6. 

5  c.c.  secretin  (Case  14,  A.  R.)  young 

girl  with  tuberculosis,  at  1:12' 50": 

1:13' 20",      at      7^4,     practically 

stopped. 
1 :  14'  45",  at  7i/^,  no  response  yet. 
Trouble,  canula  out. 

1:29' 05",  5  c.c.  secretin    (5-day- 
on-ice-dog)  to  clear  tube. 


Response,  but  canula  evidently 
blocked. 
5    c.c.    more    secretin    (Case    13)     at 

1 :34'  30",  to  clear  duct. 
More  secretin  Case  13;  respiration  af- 
fected,  but   it   has   not   been   much 
noticed  to-day. 
A   slight  sluggish   response. 
Canula    seems     clear    yet     movement 
atj-pical  and  not  so  good  as  at  first. 
5  c.c.  more  secretin    (Case  13)   again 

gave  a  slow  response. 
5  c.c.  active  calf  secretin    (Case   11) 
gave  a  slight  movement,   not  suflS- 
cient  to  record  (1  div. ). 
5    c.c.    sheep   secretin    (Case    12)    in- 
jected. 
About  5  minutes  later  a  quite  marked 

flow,  evidently  a  response. 
5   c.c.  more  secretin   of  Case   13    (5- 
day-dog)  gave  a  relatively  slow  but 
distinct  response. 
10  c.c.  human  secretin    (Case  14,  A. 
R.)    cloudy,   that   is,  but  little   fil- 
tered, at  2:21' 45". 
Level  at  314,  response  in  35  sec- 
onds. 
2: 22' 45",  at  5. 
Cleansing   wire   taken    out.    level    fell 
back. 

2: 23' 05".  at  6. 
2 :  23'  35",  at  7,  response. 
2:24' 15",  at  8. 
2:25' 15",  at  9. 
10  c.c.  clear  secretin  (Case  14,  A.  R.) 
young  girl  with  tuberculosis. 
2:29' 15",  at  2. 
2:30' 3.3",  at  3. 
2:31' 15",  at  4. 
2:31' 56",  at  5. 
2: 32' 45",  at  6,  response. 
On    dissection,   gland   looked   edemat- 
ous under  peritoneum;  much  alka- 
line pancreatic  juice. 
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June  18,  1907. — Brown  Irish  Terrier. 


Tried  with  secretin  of  Case  15    (Mc- 
K. )  ;   canula  about  %  inch  in  size, 
much   larger,  and   fitted  with  plat- 
i)ium  point. 
No  movement  in  tube,  just  a  drop 
or  so  in  bottom. 
10  c.c.  Case  15   (McK.)   at  11:23. 

Breathing  changed  at  once. 
Seemed  to  be  a  response  from  motion 
in  canula,  but  injection  used  chiefly 


1 1 :  32'  30",  flowing  freely    ( marks 
%  inch  apart). 

11:34' 20",  at  5. 

1 1 :  37',  at  6   ( slower,  though  mov- 
ing)- 

11:41' 20",  very  nearly  7. 

11:41' 20",    10   c.c.   more   of  Case 
15. 
At  8,  a  clot  in  tube,  clearly  seen,  long 
feathery  and  red. 


to  start  a  free  flow. 
The  above  apparently  a  response,  but  hardly  dependable,  as  normal  flow  may 
have  been  very  active. 


June  20,  1907. — Large  Black  Dog,  Setter  Type. 


11:15' 35",  at  0. 

Response,  but  much  less  marked  than 

11:16' 05",  at  1. 

that  of  dog. 

11:17' 25",  at  21/3 

10  c.c.  more  secretin  of  Case  16   (dog) 

11:18',  at  3. 

tried,  to  obviate  possibility  of  clot. 

10  c.c.  secretin  Case  16   (dog  of  June 

at  11:30' 35" 

18)       injected      into      carotid, 

at 

Xow  slowed  down. 

11: 18' 40". 

11:30' 45", 

at  8. 

11:19',  at  4. 

11:31' 40", 

at  0. 

First  movement  at  11 

:19'45". 

11:31' 50", 

at  10. 

11: 19' 50",  at  7. 

11:31' 58", 

at   11. 

11: 19' 56",  at  8. 

11:32' 03", 

at  12. 

11:20' 03",  at  9. 

11:32' 08", 

at  13. 

11:20' 10",  at   12. 

11:32' 13", 

at  14. 

11:20' 18",  at  15. 

11:32' 17", 

at  15. 

11:20' 26",  at  19.1 

Too    fast 

to 

11:32' 22", 

at  16. 

11:20' 28",  at  20. 

count,    even 

11:32' 28", 

at   17. 

11:20' 37",  at  25. 

with    biggest 

11:32' 32", 

at  18. 

11:20' 43",  at  28.  | 

^  tube. 

11:32' 38", 

at  19. 

11:20' 48",  at  30. 

Violent   reac- 

11:32'43", 

at  20. 

11:20' 55",  at  32. 

tion. 

11:32' 49", 

at  21. 

11:21',  at  34. 

11:32' 53", 

at   22    (lacteals   show 

11:21' 06",   at   35 

plainly  in  gut). 

11:21' 16",  at  36. 

11:33,  at  23. 

11:21' 27",  at  38. 

11:33' 07", 

at  24. 

11:21' 43",  at  40. 

11:33' 15", 

at  25. 

Sucked  out  to  0,  at  1" 

1:23' 15". 

11:33' 28", 

at  26. 

11:24M0",  at  ly. 

11:33' 58", 

at  29. 

11:25,  at  2. 

Small  clot  somewhere,  visible  in  ma- 

10  c.c.   secretin   Case 

15    (McK.) 

in- 

terial  sucked  out. 

jected      into      righ 

t      jugular 

at 

10  c.c.  secretin  Case   15    (McK.)    un- 

11:25' 20". 

filtered    and 

simply    decanted,    at 

11:26' 35",  at  3. 

11:38. 

11:26' 48",  at  4. 

11:38' 20", 

at  3. 

11:27' 34",  at  5. 

11:41' 13", 

at  4. 

11:27' 57".  at  6. 

11:46',  at  5. 

11:28' 28",  at  7. 

11:48' 05", 

at   6. 
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11:48'35'',  at  15.1      Marked    re- 
11:49' 15*,  at  19.  [     sponse    very 

ll:49'40-,at21.f  ""';''  *'*'^';*J, 
I    and    persistent 
11 :50'  15»,  at  20.  J    ^ben  present. 
11:50'25'',  at25. -^     Dog's    heart 
11:50' 45",  at  26.       action    better 
11:51' 08",  at  27.  than 

1 1 : 5  r  25",  at  28.       when    human 
ll:5r55",  at  29.  i.         secretin 
11:52' 25".  at  30.  was  first 

11:52' 50",  at  31.  thrown 

11:55' 00",  at  32.  in  this 

11:55' 30",  at  35.  )         last  time. 
Cardiac   depression   perhaps   a   factor 
in  slow  response,  but  there  was  no 
cyanosis. 

11:59' 40",     at      1      (going     very 

slowly ) . 
12:03' 45",  at  2. 
12:05',  at  3. 
10     c.c.     secretin     Case     15      (McK.) 
thrown       in       jugular       vein       at 
12:06' 05". 

12:06' 37",  at  4. 
12: 07' 40",  at  5. 
12:08' 40",  at  6. 
12:09' 35",  at  7. 
12:11',  at  8. 
12: 14' 45",  at  91/2. 
Even  with   accurate  figures  and  tim- 
ing, etc..   it  was  very  hard  to  tell 
whether  the  above  human  injection 
was   a   response   or   not.      Certainly 
it  was  less  than  that  of  a  dog,  but 
possibly  a  response  even  so. 
12:1*9' 15",  at  10%. 
12: 20' 55",  at  11. 
10  c.c.  secretin  Case  16    (dog  of  June 
18)    at  12:21' 10". 
12:22',  at  12. 
12:22' 15",  at  13. 


12:22' 20" 
12:22' 23" 
12:22' 40" 
12:22' 50" 
12:23',  at 
12:23' 10" 
12:23' 20" 
12:23' 30" 
Sucked  out  to 
12:23' 57" 
12:24' 07" 
12:24' 15" 
12:24' 20" 
12:24' 40" 
12:24' 55" 
12: 25' 09" 
12:25' 24" 
12:25' 30" 
12:25' 48" 
12:26' 03" 
12:26' 20" 
12:26' 45" 
12:27' 30" 


tion  shallow 
considerably 
12:29' 30" 
12:31,  at 
12:33' 30" 
12:36' 20" 


at  14. 
at  15. 
at  20. 
at  25. 
30. 

at  35. 
at  40. 

at  45    (estimated). 
0. 

at  10. 
at  15. 
at  20. 
at  25. 
at  30. 
at  35. 
at  40. 

at  45   (estimated), 
at  0. 
at  5. 
at  10. 
at  15. 
at  20. 
at  25. 


Dog    breathing    rapidly    and    respira- 
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flow  has  slowed  down 
since  last  figures, 
at   30. 
32. 
at  33. 
at  34. 

fil- 


c.c.  secretin  Case   15    (McK.) 
tered,  at  12:37' 40". 
Sucked  out. 

12:38' 15",  at  0. 

Missed  time  at  1. 
12:39' 50",  at  2. 
12:40' 57",  at  3. 
12:42' 14",  at  4. 
12:44' 30",  at  5. 
Seems   to   be    a    response,   but   vague 
like  the  last,  and  vastly  below  the 
dog  preparations  in  eflBciency. 


VARIABILITY  AND  UNRELIABILITY  IN  THE 

DETERMINATION  OF  THE  OPSONIC 

INDEX.* 


BENJA^IIN  A.  THOMAS,  M.D. 

Asst.    Instmctor    In    Sargery,    University    of    Pennsylvania ;    Asst. 

Surgeon,   Out-patient   Department,   University    Hospital. 

PHILADELPHIA. 


Huxley  has  said,  "The  man  of  science  has  learned  to 
believe  in  justification,  not  by  faith,  but  by  verification/' 
With  this  in  mind,  throughout  the  past  nine  months,  I 
have  been  engaged  in  a  study  of  the  practical  utility  of 
the  opsonic  index  as  a  factor  in  the  diagnosis,  prognosis 
and  therapeusis  of  disease. 

Lest  my  attitude  on  this  question  be  misinterpreted, 
I  desire  primarily  to  state  that  I  have  no  reason  to  doubt, 
and,  on  the  contran-,  entertain  implicit  faith  in  the 
theory  of  opsonins;  but  as  to  the  practicability  of  the 
index  in  medicine,  my  experiments  have  occasioned  the 
gravest  skepticism,  if  not  absolute  pessimism,  relative  to 
its  utilit}-  for  the  profession  at  large. 

Slow  as  the  perfection  of  the  delicate  technic  for  the 
determination  of  the  phagocytic  power  of  the  blood  neces- 
sarily was,  it  is  rather  surprising  to  note  that  approxi- 
mately but  one  year  has  elapsed  since  the  opsonic  wave 
cast  its  waters  on  American  soil.  Although  tardy  in 
initiation,  the  aggressiveness  of  its  influence  throughout 
the  states  is  unprecedented  in  the  history  of  research  and 
discover}-.  Indeed  so  widely  disseminated  at  the  present 
time  is  this  overvaluation  of  an  impractical,  yet  at- 
tractive and  ingenious  hypothesis,  that  many  in  the  pro- 
fession are  expecting  veritable  miracles  in  the  treatment 
of  disease. 

Personally  it  is  of  little  import  what  may  be  the  rela- 
tionship of  opsonins  to  antitoxins,  coagulins,  precipitins 

•  From  the  William  Pepper  LAboratory  of  Clinical  Medicine ; 
Pboebe  A.  Hearst  Foundation. 


and  agglutinins,  or  possibly  to  amboceptors,  comple- 
ment, etc.,  but  thus  far  my  observation  and  experience 
have  dictated  the  belief  that  Wright's  methods  have  occa- 
sioned an  unsuccessful  attempt,  figuratively  speaking, 
to  enthrone  on  a  practical  basis  Ehrlich's  side-chain 
hypothesis.  Until  the  recent  session  of  the  American 
Congress  of  Physicians  and  Surgeons,  held  in  Washing- 
ton, diffidence  alone  prevented  any  public  utterance  of 
opinion,  inasmuch  as  barely  nine  months'  experience 
with  a  problem  of  experimental  medicine,  to  which 
Wright  and  his  associates,  Leishman  and  Douglas,  have 
devoted, five  years  for  its  perfection,  did  not  invite  nega- 
tions prematurely  bold.  The  enthusiastic  advocates  of 
the  utility  of  the  opsonic  index  may  claim  that  the 
causes  of  failure  in  the  hands  of  those  who  have  found 
it  impossible  to  obtain  consistent  results  are  breaches  in 
technic  and  lack  of  experience,  and  that  such  individ- 
uals should,  after  mastering  the  technic  from  one  of 
Wright's  circle  of  co-workers,  experiment  (I  beg  to  ask, 
for  four  or  five  years)  before  indulging  in  criticism. 
To  such  a  statement  I  can  only  reply  that  any  technic 
so  intricate  as  to  be  impossible  of  satisfactory  solution 
after  four  to  six  weeks  in  laboratory  association  with 
a  pupil  of  its  originator,  must  be  relegated  to  a  field  of 
usefulness  so  limited  for  the  general  profession  as  to 
render  it  well-nigh  valueless. 

It  is  not  my  intention  to  detail  the  present  perfected 
technical  methods  for  the  determination  of  the  opsonic 
index.  Suffice  it  to  say  that  they  are  two :  The  phago- 
cytic index  of  Wright  and  the  percentage  index  of  pha- 
gocyting  leucocytes  of  Simon,  and  to  the  latter  I  extend 
unqualified  preference  because  of  its  greater  simplicity 
and  comparative  ease  of  determination  and  because  it 
has  always  served  as  a  valuable  check  on  the  former, 
confirmation  of  which  is  apparent  on  inspection  of  Chart 
3.  One  point,  however,  should  be  emphasized,  namely, 
the  impossibility  of  gathering  from  the  extant  opsonic  lit- 
erature a  perfectly  satisfactory  working  technic,  it  being 
necessary,  although  theoretically  familiar  with  the  prin- 
ciples, to  see  at  least  one  demonstration  in  the  hands  of 
an  associate  of  Wright  or  one  who  has  directly  inspected 
his  methods.  Even  then  the  difficulties,  some  of  which 
it  is  my  purpose  to  enumerate,  are  so  considerable  as  to 
render  its  utility,  from  a  medical  standpoint,  practically 
nil. 


EFFECT  OF  STREXOTII  OF  BACTERIAL  EMULSION. 

Over  ten  months  ago  the  idea  occurred  to  me  that 
variability  in  the  "strength"  of  the  bacterial  emulsion 
was  responsible,  to  a  degree  at  least,  for  fallacious  re- 


Chart  1. 

Bacterial  emulsion  centrifuged  for  10  minutes,  then  dilution 

of  supernatant  suspension  so  that  1  c.mm.  contained  ap- 
proximately 10,000,000  bacteria. 

....   Bacterial  emulsion  centrifuged  for  10  minutes. 

Bacterial  emulsion  centrifuged  for  10  minutes  and  super- 
natant suspension  diluted  with  3  volumes  of  0.85  per  cent, 
saline  solution. 

=  Bacterial  emulsion  standardized  by  McFarland's  "nephel- 
ometer." 

suits.  Therefore  I  proceeded,  in  a  series  of  determina- 
tions of  opsonic  indices,  employing  emulsions,  standard- 
ized by  various  methods,  to  depict  graphically  by  Chart 
2  the  indices  for  their  respective  bacterial  emulsions. 
Pursuant  of  this,  in  association  with  other  observations 


that  I  desired  to  present,  I  selected  from  the  service  of 
Dr.  Charles  H.  Frazier,  in  the  University  Hospital,  the 
case  of  a  patient  with  tuberculous  arthritis  of  the  knee.^ 
After  treatment  by  extension  and  plaster  cast  for  two 
months,  an  arthrotomy  was  performed  Nov.  22,  1906, 
and  four  da3-s  later,  the  opsonic  index  was  found  to  be 
low,  0.66,  using  an  emulsion  averaging  approximately 
10,000,000  bacteria  per  c.mm.  Shortly  thereafter  the 
patient  was  discharged  and  sent  to  Atlantic  City,  only  to 
be  readmitted  for  resection  of  the  knee  joint  Jan.  23, 
1907,  since  which  time  monthly  determinations  of  the 
opsonic  index,  employing  on  each  occasion  four  differ- 
ently standardized  bacterial  emulsions,  were  made. 

A  study  of  Chart  1  should  demonstrate  the  fact  that 
no  constant  parallelism  exists  between  the  curves  of  the 
indices  of  their  respective  bacterial  emulsions.  At  times 
this  relationship  is  fairly  uniform,  but  occasionally,  es- 
pecially during  January,  when  the  indices  for  all  four 
emulsions  seemed  to  be  ascending  admirably  in  the  "pos- 
itive phase,"  or  the  period  of  increased  resistance,  and 
Wright's  so-called  "high  tide  of  immunity"  was  ap- 
parently about  to  be  maintained,  at  the  determination 
made  February  7,  the  indices  for  three  emulsions  con- 
tinued to  mount  in  the  positive  phase,  while  for  one 
emulsion,  that  standardized  by  McFarland's  "nephelo- 
meter,"  the  index  dropped  almost  into  "negative  phase." 
Again  on  April  17  the  indices  for  two  emulsions  are  in 
the  "positive  phase,"  while  for  the  other  two  they  con- 
tinue in  the  "negative  phase." 

This  irregularity  in  the  relationship  of  the  indices, 
characterized  by  crossing  and  intercrossing  of  the 
various  opsonic  curves,  indicates,  I  believe,  that  the 
strength  of  the  bacterial  emulsion  plays  an  important 
role  conducive  to  fallacious  results — indeed  worthy,  per- 
haps, of  more  consideration  than  has  been  accorded  it. 
For  example,  figuratively  speaking,  the  amount  of  grass 
consumed  by  the  herd  on  the  rugged  mountain  side  de- 
pends not  necessarily  on  the  hunger  of  the  sheep  but 
rather  on  the  amount  present.  Just  so  with  the  unfor- 
tunate phagocyte,  the  amount  of  bacterial  pabulum  in- 

1.  In  the  presentation  of  the  points  which  I  defsired  to  malie,  it 
seemed  to  me  that  perhaps  the  results  would  be  attended  with  more 
significance  if  my  contemplated  experiments  were  carried  out  on 
a  single  individual  who  probably  would  be  in  the  hospital  ward 
for  several  months,  and  to  this  end  all  the  data  in  the  three  in- 
corporated charts  are  referable  to  the  samef  patient. 


gested  is  directly  proportionate  in  a  large  measure  to 
that  available,  and  any  deprivation  limiting  its  capabil- 
ity will  be  conducive  to  lallacious  indices.  Believing, 
therefore,  at  the  beginning  of  my  studies  that  a  constant 
bacterial  emulsion  of  known  strenejtli  should  bo  invari- 
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Chart  2. 

Patient's  serum  plus  washed  leucocytes  plus  bacterial  emul- 
sion employing  NaCl  solution  of  0.6  per  cent,  and  sodium 
citrate  1  per  cent. 

....  No  serum.  Washed  leucocytes  plus  bacterial  emulsion  em- 
ploying NaCl  solution  of  0.6  per  cent,  and  sodium  citrate 
1  per  cent. 

Patlenfs  serum  plus  washed  leucocytes  plus  bacterial  emul- 
sion employing  NaCl  solution  of  0.85  per  cent,  and  sodium 
citrate  1   per  cent. 

s=  Patient's  serum  plus  washed  leucocytes  plus  bacterial  emul- 
sion employing  NaCl  solution  of  1  per  cent,  and  sodium 
citrate  1..5   per  cent. 

The  figures  from  0  to  46  In  the  vertical  column  represent  the  aver- 
flgp  number  bacteria  pro  phagocyte. 
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ably  employed,  I  have  utilized  in  conjunction  with  my 
other  experiments  one  containing  10,000,000  bacteria 
per  c.mm.,  but,  as  will  be  pointed  out  later,  even  this 
curve  of  opsonic  indices  does  not  agree  with  the  clinical 
symptomatology.  Knorr-  has  stated  recently  that  by 
employing  an  emulsion  of  Staphylococcus  aureus  of  def- 
inite strength  and  by  progressive  dilutions,  estimating 
,  in  each  instance  the  phagocytic  index  and  percentage  of 
phagocyting  cells,  that  the  indices  were  directly  propor- 
tional to  the  strength  of  the  bacterial  emulsion.  My 
results  are  entirely  in  harmony  with  Knorr's  experience. 
Wright,^  however,  in  a  former  communication  on  the 
preparation  of  the  bacterial  emulsion,  advises  the  use  of 
the  supernatant  suspension  of  bacteria  following  cen- 
trifugation.  This,  without  a  supplementary  definite 
enumeration  of  the  bacteria  per  c.mm.,  I  helieve  capable 
of  the  production  not  infrequently  of  erroneous  results; 
first,  in  that  a  variability  in  the  strength  of  the  original 
emulsion  prior  to  centrifugation  is  productive  of  incon- 
stancy in  its  strength  after  centrifugation,  although  the 
emulsion  is  centrifuged  always  for  a  specified  time, 
which  is  very  essential;  second,  in  that,  although  the 
time  element  may  be  observed,  the  speed  or  number  of 
revolutions  per  second  of  the  centrifuge,  whether  oper- 
ated by  hand,  water  or  electricity,  is  variable  on  differ- 
ent days  and  hours  in  the  same  day,  depending  on  the 
power  of  the  operator,  the  water  pressure  or  strength  of 
the  electric  current.  These  points  may  appear  insig- 
nificant, but,  when  taken  into  consideration  with  other 
detrimental  influences  concerned  in  opsonic  work,  play 
a  more  important  part  than  is  surmised. 

RELATION  OF  PHAGOCYTOSIS  TO  PERIOD  OF  INCUBATION. 

Phagocytosis  is  dependent  directly  on  the  length  of 
time  the  leucocytes  and  bacteria  are  allowed  to  incubate. 
Its  degree  is  variable  with  different  bacteria  and  is  in- 
fluenced by  temperature,  37  C.  (98.6  F.)  being  most 
desirable  for  the  majority  of  bacteria,  although  phago- 
cytosis has  been  observed  to  occur  at  room  temperature. 
A  comparatively  weak  emulsion,  one  containing  approxi- 
mately 1,000,000  bacteria  per  c.mm.,  was  required  in 
my  experiments,  because  as  time  progressed  the  ingested 

2.  The  Jourxal  A.  M.  A..  April  13.  1907,  1255. 
S.  Potter,  Dltman  and  Bradley :     The  .Tockxal  A.  M.  A.,  Nov. 
24,  1906,  1722. 


bacteria  became  too  numerous  for  easy  enumeration. 
For  an  hour  to  an  hour  and  a  half  phagocytosis  was  ap- 
parently diriictly  proportional  to  the  period  of  incuba- 
tion. After  that  time  the  leucocytes  began  to  degener- 
ate, because  of  the  action  of  the  leucocidin  formed  by 
the  Staphylococcus  pyogenes  aureus,  and  an  accurate  es- 
timation was  rendered  impossible.  My  experience  has 
justified  the  belief  that  an  incubation  of  a  half-hour  is 
more  reliable  than  a  shorter  period  in  that  it  furnishes 
a  more  trustworthy  opsonic  index.  At  least  in  the  cases 
where  I  have  employed  the  longer  incubation  period  the 
agreement  between  the  opsonic  index  and  the  clinical 
symptomatology  has  been  more  constant. 

Explanatory  of  this,  it  seems  reasonable  to  suppose 
that  in  the  longer  period  the  opsonins  are  given  a  greater 
opportunity  to  exert  their  full  influence  on  the  bacteria 


Two  large  mononuclear  ^nd  two  polynuclear  leucocytes  exhibiting 
apparently  spontaneous  phagocytosis. 

and  consequently  the  result  is  a  more  truthful  exponent. 
On  the  contrar}',  during  the  longer  period  the  ingestion 
of  bacteria  by  the  leucocytes  is  ofttimes  so  extensive  as 
to  make  an  exact  enumeration  almost  impossible.  At 
room  temperature  phagocytosis  for  Staphylococcus  pyo- 
genes aureus  was  markedly  retarded,  and  five  to  six 
hours  were  insufficient  to  produce  the  same  degree  of 
bacterial  ingestion  as  is  usually  noted  for  an  incubation 
of  fifteen  minutes  in  the  thermostat.  After  this  time 
further  observations  are  useless,  because  the  leucoc}i:es 
lose  their  vitality  and  lead  necessarily  to  erroneous  re- 
sults. 

SPONTANEOUS    PHAGOCYTOSIS. 

Apropos  of  the  thought  that  all  the  bacteria  counted 
within  the  circumference  of  a  phagocyte  were  not  per- 
haps the  result  entirely  of  opsonic  influence,  but  that 
possibly  spontaneous  phagocytosis  or  the  mere  adhesion 
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of  bacteria  to  leucoc5-tes  was  a  factor,  I  was  prompted 
to  make  comparative  determinations  in  which  a  rather 
concentrated  bacterial  emulsion  of  the  Staphylococcus 
aureus  was  employed.  For  this  purpose  the  customary 
technic  was  used,  excepting  that  in  one  instance  the  pa- 
tient's serum  was  added,  while  in  the  other  no  serum 
was  employed.  The  results  of  those  observations  are 
graphically  described  by  a  comparison  of  the  continuous, 
broken  and  dotted  curves  in  Chart  2, 

In  all  determinations  it  is  my  practice  to  wash  the 
"leucocytic  cream"  at  least  three  times  so  that  the  leu- 
cocytes should  have  been  free  from  serum,  as  the  volumes 
of  salt  solution  employed  were  several  times  that  of  the 
blood  corpuscles.  Although  it  has  been  claimed  that  no 
spontaneous  phagocytosis  exists  for  staphylococci,  I  de- 
sire to  append  these  observations  with  the  explanation 
that  perhaps  the  bacterial  emulsion  may  not  have  been 
sufficiently  concentrated,  or  that  the  apparent  spon- 
taneous phagocytosis  may  have  been  referable  to  mere 
adhesion  between  the  bacteria  and  leucocytes,  although 
the  latter  has  been  characterized  by  a  marginal  arrange- 
ment of  the  organisms,  which  was  not  the  case  con- 
stantly in  my  studies,  as  will  be  seen  by  the  accompany- 
ing diagram. 

The  above  condition  was  observed  when  using  a  de- 
calcification fluid  of  1  per  cent,  sodium  citrate  in  0.6 
per  cent,  saline  solution  and  subsequent  washing  of  the 
leucocytes  with  a  0.6  per  cent,  saline  solution,  this 
strength  saline  solution  apparently  favoring  spontaneous 
phagocytosis. 

As  will  be  noted  in  Chart  2,  the  addition  of  serum 
greatly  accelerated  phagocytosis,  which,  however,  seemed 
to  be  directly  influenced,  that  is,  diminished  by  the  em- 
ployment of  an  increase  in  the  strength  not  only  of  the 
saline  solution  but  also  of  the  sodium  citrate.  The 
thought  has  occurred  to  me  that  possibly  the  use  of  li^ 
per  cent,  sodium  citrate  in  a  1  per  cent,  saline  solution 
may  be  too  strong,  exerting  an  inhibitory,  if  not  de- 
leterious, influence  on  opsonins.  Certainly  the  environ- 
ment of  the  phagocytes  in  vitro  is  not  so  propitious  as 
it  was  in  vivo.  Wright  and  Douglas*  claim  to  have  dem- 
onstrated, however,  that  the  addition  of  the  necessary 
quantity  of  sodium  citrate  had  no  influence  whatever 
on  the  behavior  of  the  blood  corpuscles.     Whether  or 

4.  Proceedings  of  the  Royal  Society  of  London,  Ixxxii,  357,  1904. 
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not  this  statement  is  applicable  to  strengths  of  sodium 
chloric!  greater  than  normal  saline  I  am  at  present  un- 
prepared to  say,  but  an  inspection  of  the  chart  will  reveal 
the  fact  that  the  number  of  the  bacteria  ingested  by  the 
leucocytes  was  less  with  the  saline  solutions  of  increased 
strength. 

Wright  has  observed  spontaneous  phagocytosis  of  tu- 
bercle bacilli  in  certain  concentrations  of  salt  solution. 
Davis'  very  recently  has  demonstrated  beyond  question 
spontaneous  phagocytosis  for  the  influenza  bacillus.  Op- 
sonins, therefore,  are  apparently  not  the  sole  factors  con- 
cerned in  the  ingestion  of  bacteria  by  lencocvi:es,  and  the 
theory  that  they  are  derived,  according  to  Metchnikoff, 
in  part  at  least,  from  the  leucocytes  (in  spite  of 
the  fact  that  there  seems  to  be  no  relation  between  op- 
sonins and  leucocj-tosis)  may  yet  deserve  credence. 

EXCMERATIOX  OF  LEUCOCYTES. 

It  has  been  my  experience,  naturally,  that  the  larger 
the  leucoc}-te  count  the  more  the  reliance  on  the  opsonic 
index.  Counts  of  less  than  100  leucocytes  are  especially 
likely  to  be  misleading,  and  in  my  work  it  has  been  the 
practice  to  enumerate*  from  100  to  200  leucocytes,  pre- 
ferably the  latter  number,  which  is  not  so  diflBcult  using 
the  percentage  method  of  Simon.  In  estimating  the. 
number  of  phagocj-ting  leucocytes  both  the  large  lympho- 
cytes, transitionals  and  polymorphonuclears  were  consid- 
ered because  of  the  not  infrequent  phagocAiic  activity  of 
the  first  and  third  as  shown  in  the  above  diagram. 
This  I  believe  to  be  just  as  important  as  the  total  enum- 
eration of  all  three  varieties  of  leucocytes,  whether  pha- 
gocyting  or  non-phagocyting. 

TEilPERATURE. 

I  have  also  found  that  my  results  are  more  consistent 
since  the  emplo}-ment  of  bacterial  suspensions,  decalcifi- 
cation fluids  and  saline  solutions  of  a  temperature  main- 
tained as  nearly  as  possible  at  37  C.  (98.6  F.).  In  ac- 
cordance with  this  I  have  endeavored  also  to  insure  a 
like  temperature  for  the  blood  serum  and  '^leucocytic 
cream." 

XOBMAL   AND  PATHOLOGIC  VARLLBILITY. 

It  would  seem  improbable  to  believe. that  any  index 
verj-  variable  for  the  normal  could  be  of  great  signifi- 

."..  The  Joubxal  A.  M.  .-V..  May  11.  1907.  1567. 
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cance  and  utility  in  the  determination  of  pathologic  con- 
ditions. McFarland"  has  found  the  phagocytic  count, 
in  individuals  giving  no  history  of  any  suppuration  or 
disease  whatsoever,  to  vary  from  4.125  to  23.2.  In 
justice,  however,  to  the  opsonic  index,  we  must  remark 
that  we  regard  standardization  by  the  "nephelometer" 
as  very  unreliable,  inasmuch  as  it  is  impossible  for  the 
naked  eye  to  differentiate  the  degree  of  turbidity  even 
after  the  addition  of  thousands  of  bacteria.  Potter,  Dit- 
man  and  Bradley's^  normal  indices  varied  from  0.81  to 
1.18;  Wright  and  Douglas'"  from  0.85  to  1.2,  and  my 
own  from  0.75  to  1.25,  Park  has  recently  drawn  atten- 
tion to  the  fact  that  the  index  varies  greatly  in  com- 
parative, tests  with  leucocytes  obtained  from  selected 
normal  individuals. 

AGE  OF  CULTURE  AND  LIFE  OF  OPSONINS. 

Knorr,^  in  experimentation  using  forty-six-hour-old 
and  forty-two-day-old  cultures,  demonstrated  that  the 
aging  of  the  culture  seems  not  to  affect  the  phagocytic 
or  percentage  indices.  In  my  work  I  have  employed 
only  twenty-four  and  six-hour-old  cultures,  recently  us- 
ing exclusively  the  six-hour-old  cultures,  with  identical 
results.  On  the  contrary,  different  strains  of  the  same 
organism  give  variable  indices. 

Knorr's  results  show  that  "the  serum  loses  one-half 
of  its  opsonic  power  in  twenty-four  hours;  after  this 
there  is  practically  no  further  loss  in  the  following 
twenty-four  hours.  The  value  then  rapidly  drops,  but, 
however,  does  not  wholly  disappear  until  after  five 
days." 

PERSONAL   EQUATION. 

As  many  and  varied  as  are  the  opportunities  cited 
above  that  may  lead  to  erroneous  results,  impairing  the 
value  of  the  opsonic  index,  that  factor,  paramount  among 
its  fellows,  blighting  the  practicability  of  the  opsonic 
determination  on  its  present  basis,  is  the  personal  equa- 
tion. The  importance  of  this  negatively  and  positively 
can  not  be  overestimated  and  plays  an  even  more  im- 
portant role,  considering  the  intricate  technic,  than  the 
determination  of  slight  variations  in  leucocytosis  in  a 
given  case  by  different  observers.  On  the  contrary,  it 
can  be  readily  appreciated  that  it  is  utterly  impossible 

6.  Medicine,  April,  1906. 

7.  Proc.  of  Royal  Soc,  Ixxli,  357. 
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for  any  single  observer  to  master  all  the  work  on  more 
than  one  or  a  very  few  cases,  even  though  he  may  sacri- 
fice all  his  time  for  the  cause.  Consequently  the  neces- 
sitv  arises  of  employing  a  corps  of  low-salaried  workers 
or  "leucocyte  counters,"  in  most  instances  an  imprac- 
tical procedure. 
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Chart  3. 

Wright's  phagocytic  index  using  emulsion  of  approximately 
10,000.000  bacteria  to  c.mm. 

Simon's  percentage  index  using  emulsion  of  approximately 
10,000,000  to  c.mm. 

Simon's  percentage  index  using  supernatant  suspension  of 
bacteria  of  an  emulsion  centrifuged  for  10  minutes  and 
diluted  with  three  volumes  of  0.85  per  cent,  saline  solu- 
tion. 

Simon's  percentage  index  using  supernatant  suspension  of 
bacteria  emulsion  centrifuged  for  10  minutes. 


WRIGHT  VERSUS  SIMON. 

It  has  been  found  of  great  interest  in  my  determina- 
tions to  measure  the  constant  ratio  existing  between 
Wright's  phagoc}i;ic  index  and  Simon's  percentage  in- 
dex of  phagocyting  leucocytes,  especially  the  percentage 
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index  because  of  its  greater  value.  A  consideration  of 
paramount  importance  in  this  connection  and  never  to 
he  disregarded  is  not  to  use  a  too  concentrated  hacterial 
emulsion,  especially  when  employing  Simon's  method, 
as  the  percentage  of  phagocyting  leucocytes  will  be  too 
great,  reaching  100  constantly,  thereby  nullifying  the 
index.  Simon®  himself  appreciates  this,  and  in  a  late 
communication  writes :  "The  percentage  of  phagocyting 
cells  is  to  a  certain  extent  dependent  on  the  number  of 
organisms  present,  it  is  advantageous  to  work  with  an 
emulsion  which,  with  normal  blood  serum,  should  not 
give  a  higher  percentage  than  50."  In  accordance  with 
his  suggestion,  we  have  found  it  is  also  desirable  to  di- 
lute the  blood  serum  from  twenty  to  forty  times. 

A  review  of  Chart  3  will  serve  to  elucidate  this  point 
by  a  comparison  of  the  double  line  (==i)  curve  (using 
a  weak  emulsion)  with  the  dotted  line  (....)  curve 
(using  a  concentrated  emulsion) . 

OPSONIC    DIAGNOSIS. 

The  value  of  the  opsonic  index  as  a  diagnostic  meas- 
ure depends  on  the  specificity  of  opsonins.  The  methods 
are  three:  1.  Derivation  of  the  opsonic  index  from  the 
blood  serum.  2.  Comparison  of  the  indices  of  heated  and 
unheated  serum.  3.  Comparison  of  indices  of  blood 
serum  and  exudate  or  transudate  of  the  same  case.  The 
results  obtained  by  Wright  and  Douglas  and  Bulloch'^ 
relative  to  the  specificity  of  opsonins  have  not  been  con- 
firmed by  Simon,  Potter,  Ditman,  Bradley  and  others, 
so  that  at  the  present  time  the  diagnostic  value  of  the 
opsonic  index  is  minimal. 

OPSONIC   PROGNOSIS   AND   THERAPY. 

Pottenger,^"  in  an  excellent  article  on  tuberculin  ther- 
apy recently,  attributes  no  inconsiderable  amount  of  im- 
portance to  the  prognostic  value  of  the  opsonic  index. 
He  states  that  in  150  cases  of  lupus  in  which  the  pa- 
tients had  done  badly  a  low  opsonic  index  persisted,' 
while  in  those  that  had  responded  to  the  treatment  the 
index  was  higher.  With  Wright,  Bulloch,^  Lawson  and 
Stewart^^  he  contends  that  the  therapeutic  use  of  tuber- 
culin (Koch's  T.  E.)  in  tuberculosis  invariably  produces 

8.  The  .Journal  A.  M.  A.,  Jan.  12,  1907,  139. 

9.  Lancet.  Dec.  2,  1603,  190.5. 

10.  The  Jourxal  A.  M.  A..  May  11,  1907,  1570. 

11.  Lancet,  Dec.  9,  1905. 
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a  rise  in  the  opsonic  index.  Not  only  this,  but  in  sana- 
torium treatment  he  has  secured  20  per  cent,  more  cures 
apparently  with  tuberculin  than  without,  and,  moreover, 
he  has  confirmed  the  opinions  of  Trudeau"  and  Tur- 
ban" that  the  tendencies  to  relapse  are  fewer  and  the 
results  more  permanent  following  tuberculin  therapy. 
Unfortunately  I  have  had  no  experience  with  tuberculin 
therapy  in  conjunction  with  the  opsonic  index,  but  in 
the  case  cited,  above  on  whom  determinations  of  the  op- 
sonic index  were  made  periodically  it  will  be  noted  by 
a  glance  at  Chart  1  that  the  general  trend  for  the  last 
three  months  of  the  opsonic  index  has  been  toward  or 
in  the  "negative  phase,"  in  spite  of  the  fact  that  the 
clinicians  persistently  assert  that  the  patient's  condition 
is  steadily  improving. 

In  1833  a  German  advanced  the  idea  expressed  in  the 
title  of  a  monograph  that  all  contagious  diseases  contain 
in  their  contagium  the  materials  necessary  for  their  cure. 
Therefore,  the  theory  which  underlies  therapeutic  in- 
oculations in  infectious  diseases  is  by  no  means  new,  al- 
though, as  Ohlmacher^*  says,  "it  remained  for  Wright 
to  so  modify  the  vaccine  of  Pasteur  as  to  arouse  in  the 
serum  of  Buchner  a  substance  which  prepared  the  dis- 
ease-producing microbe  for  destruction  by  the  phagocyte 
of  Metchnikoff,  thus  bringing  to  practical  humanitarian 
usefulness  the  laboriously  studied  theories  of  three  pio- 
neers in  biologic  therapy." 

Although  my  experience  thus  far  with  artificial  auto- 
inoculation  has  been  most  gratifying  and  my  results  in 
close  harmony  with  those  of  other  observers,  I  am  dis- 
posed to  believe  there  is  a  tendency  to  over-valuation 
even  in  this  method  of  therapy.  Certainly  its  applica- 
tion has  not  been  sufficiently  prolonged,  and  the  results, 
pro  and  con,  have  not  been  so  numerous  as  to  warrant  a 
decisive  opinion,  but  I  am  satisfied  that  time  and  again 
patients  recover  spontaneously,  coincident  with  "vac- 
cine" therapy.  Fortunately  brilliant  results  are  ob- 
tained independently  of  routine  determination  of  the 
opsonic  indices,  the  quantity  of  "vaccine"  and  the  fre- 
quency of  inoculations  being  controlled  solely  by  the  clin- 
ical symptomatolog}'. 

Koch's  new  tuberculin   (T  E)   is  undoubtedly  more 

12.  Tr.  Amer.  Physicians.  1900. 

13.  Quoted  In  Welcker's  Beitrag.  z.  Frage  d.  Volksheilstaetten,  22. 

14.  The  Journal  A.  M.  A.,  Feb.  Iff,  1907,  572. 
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reliable  and  preferable  as  a  therapeutic  agent  in  tuber- 
culous infections.  For  the  infections  other  than  tuber- 
culous a  suspension  of  the  organisms  cultured  on  agar 
is  made  in  physiologic  salt  solution.  After  sterilization 
by  exposure  to  a  temperature  of  65  C.  (149  F.)  for  an 
hour,  and  the  addition  of  a  preservative,  this  material, 
which  is  known  as  the  "vaccine,"  is  ready  for  inoculation. 
This  emulsion  is  always  standardized  by  determining  the 
number  of  bacteria  per  c.c.  of  fluid. 

The  impracticability  of  Wright's  method  is  further 
apparent  from  the  fact  that  he  urges  daily  determina- 
tions to  ascertain  the  condition  of  the  positive  or  nega- 
tive phase,  or  whether  the  high  tide  of  immunity  has 
been  reached  or,  on  the  other  hand,  is  being  maintained, 
thereby  regulating  the  amount  of  "vaccine"  to  be  inocu- 
lated from  time  to  time  and  avoiding  any  "cumulation 
in  the  direction  of  the  negative  phase."  I  do  not  doubt 
the  wisdom  of  these  precautions  theoretically  and,  were 
the  application  universally  feasible,  would  enjoin  its 
constant  employment.  Unfortunately,  through  errors 
in  technic  and  especially  not  infrequent  disagreement 
between  the  opsonic  index  and  clinical  symptomatology, 
we  have  invariably  resorted  to  the  latter  as  our  guide  in 
artificial  autoinoculation  therapy. 

On  the  other  hand,  the  dangers  from  over  dosage 
or  too  frequent  administration  of  the  "vaccine"  are  not 
insignificant,  and  errors  through  carelessness  or  un- 
curbed enthusiasm  in  the  employment  of  "vaccine" 
therapy  in  the  untrained  hands  of  the  general  practi- 
tioners will  lead  inevitably  to  results,  if  not  disastrous, 
at  least  avoidable. 

SUMMARY. 

1.  The  phagocytic  index  is,  as  a  rule,  directly  propor- 
tional to  the  strength  of  the  bacterial  suspension,  which 
in  all  cases  where  consecutive  comparative  studies  are 
to  be  made  should  be  standardized  by  definite  enumera- 
tion of  the  bacteria  pro  c.mm.  Opsonic  indices  de- 
pendent on  the  supernatant  suspension  of  bacteria,  fol- 
lowing mere  centrifugation  and  the  bacterial  suspensions 
obtained  by  standardization  with  McFarland's  "nephelo- 
meter,"  are  fallacious. 

2.  For  a  certain  time  phagocytosis  is  directly  propor- 
tional to  the  period  of  incubation.  After  this  time  de- 
generation of  the  leucocytes  renders  a  trustworthy  de- 
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termination  of  phagocytosis  impossible.  Phagocjrtosig 
does  occur  at  room  temperature,  but  incubation  at  37  C. 
(98.6  F.)  for  moet  bacteria  is  more  conducive. 

3.  Spontaneous  phagocjiosis  or  mere  adhesion  of  bac- 
teria to  leucocytes  may  be  a  factor  in  the  production  of 
erroneous  opsonic  indices.  In  any  event,  opsonins  do  not 
appear  to  be  the  sole  agents  concerned  in  the  ingestion  of 
bacteria  by  leucocjies. 

4.  Not  fewer  than  100  leucocytes  should  be  counted 
in  estimations  of  phagocytosis,  and  these  enumerations 
should  include  large  lymphocytes  and  transitionals  as 
well  as  polymorphonuclears.  In  short,  the  higher  the 
leucocytic  count  the  truer  the  index. 

5.  Maintenance  of  body  temperature  during  the  proc- 
ess of  technic  seems  to  influence  beneficially  the  phago- 
cytic index.    Sudden  fall  of  temperature  acts  conversely. 

6.  The  inconsistency  of  the  phagocytic  index  for  nor- 
mal individuals  is  apparently  confirmed  by  the  unrelia- 
bility of  the  opsonic  index  for  pathologic  cases. 

7.  Aging  of  bacterial  cultures  (6  to  24  hours)  seems 
not  to  affect  materially  the  phagocytic  index. 

8.  Knorr  states  that  the  opsonic  power  of  the  serum 
is  diminished  one-half  in  twenty-four  hours,  and  that 
after  fort}-eight  hours  there  is  a  gradual  diminution, 
complete  loss  occurring  after  five  days. 

9.  Aside  from  the  technical  difficulties,  the  question 
of  personal  equation  involved  in  opsonic  determinations 
is  so  serious  as  practically  to  nullify  the  value  of  the 
method  in  most  instances. 

10.  Simon's  percentage  index  is  apparently  of  more 
value  from  the  practical  standpoint  than  Wright's  pha- 
goc\^ic  index  because  of  its  relative  constancy  and  com- 
parative ease  of  determination. 

11.  The  experiences  of  the  majority  of  observers  indi- 
cate that  the  diagnostic  value  of  the  opsonic  index  is 
minimal. 

12.  The  consensus  of  opinion  favors  the  belief  that, 
prognostically,  some  utility  attaches  to  the  opsonic  in- 
dex, especially  in  the  field  of  tuberculosis  and  in  the 
laboratory  where  it  can  be  applied  to  test  the  virulence 
of  organisms  and  the  strength  of  sera  whose  value  de- 
pends on  opsonins. 

13.  In  the  heralded  unlimited  field  of  therapy,  where 
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the  opsonic  index  is  ordained  to  play  a  star  role,  its  util- 
ity seems  destined  to  pass  into  oblivion,  not  only  because 
of  its  inconstancy  in  agreement  with  the  clinical  symp- 
tomatology but  especially  because  of  its  impracticability. 

I  desire  to  thank  Dr.  M.  P.  Eavenel  of  the  Phipps 
Institute,  who  studied  Eoss'  methods  at  the  Eockefeller 
Institute,  for  valuable  technical  suggestions. 

1819  Chestnut  Street. 


Reprinted  from  the  Unirersity  of  Pennsjlvania  Medical  Bolletin, 
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STUDIES  FROM  THE  BACTERIOLOGICAL 
LABORATORY. 

I.  Some    Observations   ox    Three   Members    of  the 
Bacterium  Mucosus  Capsulatus  Group.     11.   A 
Note   on  the   Effect  of  Toxin  and   Anti- 
toxin Injections  on  the  Phagocytosis 
OF  Diphtheria  Bacilu. 

By  Herbert  Fox,  M.D., 
Volunteer  Associate,  William  Pepper  Laboratory  of  Clinical 

Medicine. 

(From  the  William  Pepper  Laboratory  of  Clinical  Medicine,  Phoebe 
A.  Hearst  Foundation.) 


I.    SOME    observations    ON    THREE    MEMBERS    OF    THE 

bacterium  mucosus  capsulatus  group. 

These  observations  were  undertaken  after  the  isolation  of 
two  strains  of  the  Bacterium  mucosus  capsulatus  from  the 
lungs  of  very  young  infants  who  died  from  pneumonitis,  one 
of  which  was  reported  by  Dr.  Lavenson  and  the  writer  in 
the  Bulletin,  June,  1906.  The  Friedlander  pneumobacillus 
was  included  for  comparison. 

Appended  is  a  chart  of  the  morphological  and  biological 
characters  of  the  three  strains. 


PHAGOCYTIC  AVERAGE  OF  FRIEDLANDER,  LAV.  II,  AND  X. 

Normal  average  phagocytic  index  of  the  rabbits  was, 
respectively,  1.2,  1.4,  and  1.15.  Immunization  with  twenty- 
four-hour  serum  bouillon  cultures  of  the  several  strains 
(May  31st). 

Friedlander  blood  with  Lav.  II,  index  3.18.  Friedlander 
blood  with  Lav.  X,  index  5.45.  Friedlander  blood  with 
Friedlander,  index  3.36. 

Lav.  II  blood  with  Friedlander,  index  1.9.  Lav.  II 
blood  with  Lav.  X,  index  2.9.  Lav.  II  blood  with  Lav.  II, 
index  3.8. 

Lav.  X  blood  with  Friedlander,  index  4.6.  Lav.  X  blood 
with  Lav.  II,  index  3.9.  Lav.  X  blood  with  Lav.  X,  index 
2.6. 

Rabbits  were  immunized  against  all  three  cultures,  so 
that  Lav.  II  animal  was  able  to  withstand  10  c.c.  of  a  twenty- 
four-hour  serum  bouillon  culture  into  the  peritoneal  cavity; 
Lav.  X  and  Friedlander  rabbits  were  each  able  to  resist 
20  c.c. 

No  agglutinin  was  found  in  the  blood  of  any  of  them 
except  the  Friedlander  for  itself,  reacting  only  in  the  dilution 
of  1  to  5. 

The  serum  of  the  Lav.  II  rabbit  contained  a  precipitin  for 
the  homologous  filtrate  to  the  limit  of  1  to  200,  but  not  for 
the  filtrates  of  Lav.  X  or  Friedlander.  Immunization 
with  Lav.  X  produced  no  precipitin  even  for  the  homologous 
filtrate.  The  serum  of  the  anti-Friedlander  rabbit  pre- 
cipitates with  the  filtrates  of  the  Friedlander  and  Lav.  II 
growths.  The  reaction  was  positive  with  the  former  in 
dilutions  of  1  to  400,  which  limit  also  gave  a  result  with 
Lav.  II,  but  much  less  clearly.  With  the  filtrate  of  Lav.  X 
the  precipitation  is  only  feeble  in  the  dilution  of  1  to  200. 
These  sera  were  drawn  nine  days  after  the  last  injection. 
The   growths   used   for   inoculation   were   made   in   serum 
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bouillon.  It  will  be  seen  that  Friedlander  produces  a 
small  amount  of  group  precipitin,  which  body  reacts  to  a 
higher  limit  with  the  filtrate  of  that  bacterium  (Lav.  II) 
farthest  from  it  in  a  biological  sense. 

On  the  other  hand,  phagocytosis  with  the  anti-Friedlander 
blood  is  quite  high  with  Lav.  X,  5.45;  while  with  the  homo- 
logous organism  it  is  only  3.36  and  v^nth  Lav.  II  3.18.  The 
Friedlander  seems  to  be  able  to  produce  a  phagocytic  as 
well  as  precipitating  serum  for  these  strains. 

Lav.  X,  which  was  able  to  produce  no  precipitin,  elaborated 
a  high  phagoc}-tic  power  for  all  strains,  for  itself  less  than  for 
the  other  two;  viz..  Lav.  X,  2.6;  Lav.  II,  3.9;  Friedlander, 
4.6. 

Lav.  II  produced  relatively  more  phagocytic  power  for 
itself  in  the  immune  blood  than  for  the  other  two  bacteria 
or  than  these  latter  could  call  forth  for  themselves  in  their 
respective  immune  bloods.  With  the  blood  of  Lav.  II  rabbit 
phagoc\'tosis  averaged  3.8  for  the  homologous  organism, 
2.9  for  Lav.  X,  and  1.9  for  the  Friedlander.  Here  we  notice 
that  Lav.  II  was  able  neither  to  produce  a  precipitin  nor 
phagocytosis  for  the  Friedlander  organism. 

These  biological,  physiological,  and  chemical  properties  of 
the  three  strains  under  consideration  are  quite  interesting, 
inasmuch  as  they  show  the  vagaries  of  this  group.  The 
first  two,  that  is,  Lav.  II  and  X,  belong  to  the  Aerogenes 
diAision,  while  the  Friedlander  is  typical.  That  the  phys- 
iology and  chemistry  of  this  latter  should  in  any  way  inter- 
act with  the  first  two  is  remarkable,  since  they  are  biologically 
distinct  divisions,  even  though  the  Lav.  X  be  nearer  to  the 
friedlander  type  than  is  the  Lav.  II. 

In  summing  up  these  points  we  see  that  Lav.  X  produces 
no  precipitin,  but  its  anti-blood  attains  a  fairly  high  phago- 
cytic value;  Lav.  II  elaborates -homologous  precipitin,  but 
very  little  increase  in  the  phagocytic  power;  while  Fried- 
lander produces  group  precipitation  and  phagocytosis. 
These  facts,  however,  ofiFer  little  assistance  in  the  determj- 


nation  of  these  species,  since  they  are  not  sufficiently  clear 
and  bear  no  relation  to  the  cultural  characteristics.  Nor 
does  the  pathenogenicity  seem  to  clear  the  sky  much.  Inas- 
much as  this  study  was  begun  with  the  idea  of  examining 
the  pneumonic  processes  set  up  by  Lav.  II,  X,  and  Fried- 
lander,  the  following  is  a  resume  of  the  findings  in  the 
lungs  of  the  two  babies  from  whom  the  first  two  were  isolated, 
a  preparation  of  Friedlander  pneumonia  in  an  adult,  and 
the  experimental  lesions  produced  by  all  three  in  guinea- 
pigs. 

When  compared  with  the  gelatinous  croupous  pneumonia 
produced  by  the  Friedlander  organism  spontaneously  in 
adults,  the  process  produced  in  the  lungs  of  the  babies  and 
experimentally  bore  no  resemblance.  The  most  striking 
thing  throughout  was  the  extensive  hemorrhagic  extrava- 
sation. This  was  marked  also  in  all  other  organs.  In 
the  lung  of  the  baby  from  whom  Lav.  II  was  obtained  this 
was  very  pronounced  and  the  experimental  lesions  were 
also  largely  hemorrhagic.  The  catarrhal  process  was 
seen  in  all  the  animals,  but  in  the  animal  injected  with  Lav. 
X  to  the  most  marked  degree.  No  fibrin  formation  was 
observed  in  any  lesion.  The  Lav.  II  culture  seems  to  have 
been  the  most  virulent,  since  it  caused  death  in  the  shortest 
time  and  gave  rise  to  the  most  extensive  disease.  In  the 
lungs  of  all  the  animals  infected  with  this  organism  the  lesion 
assumed  the  massive  type  and  did  the  greatest  amount  of 
destruction.  With  the  experimental  Friedlander  pneumo- 
nitis the  tendency  was  toward  the  formation  of  miliary 
abscesses,  or  areas  of  catarrhal  desquamation  and  leukocytic 
invasion.  The  pronounced  feature  of  the  Lav.  X  lesions 
was  the  epithelial  desquamation  and  degeneration.  The 
number  of  the  mononuclear  leukocytes  was  in  direct  ratio 
to  the  tendency  to  hemorrhagic  extravasation,  and  in  that 
case,  i.  e.,  Lav.  II,  where  this  was  at  its  height,  they  were  in 
by  far  the  largest  number.  In  the  lung  of  the  animal  in- 
jected  with   Friedlander    showing  the   small    foci   of  des- 


quamatiuii  ainl  infiltration,  liowever,  the  polynuclear  type 
|)re<lominated.  When  the  pure  desquamative  changes  were 
most  prominent,  as  in  the  case  of  Lav.  X,  the  two  types  of 
cells  were  almost  equally  represented.  The  animals  were 
all  injected  into  the  abdominal  cavity  with  twenty-four 
hours'  bouillon  cultures.  The  distribution  of  the  bacteria 
is  not  very  clear,  and  it  is  difficult  to  say  where  they  he  by 
preference.  It  seems,  however,  that  they  are  most  abundant 
wherever  the  hemorrhagic  extravasation  or  leukocytic  in- 
filtration is  greatest.  They  are  frequently  seen  in  the  septa 
and  are  not  abundant  where  the  pure  desquamation  pre- 
dominates. Such  a  distribution,  of  course,  mi^t  be  ex- 
pected, since  the  bacteria  were  carried  to  the  lungs  by  the 
blood  stream. 


II.    A     NOTE   ox    THE    EFFECT    OF    TOXIN    ANT)    ANTITOXIN 
INJECTIONS  ON  THE  PHAGOCYTOSIS  OF  DIPHTHERLV 
BACILLI. 

This  report  concerns  the  results  of  one  experiment  on  the 
effects  of  variously  combined  injections  of  diphtheria  bacilli, 
toxin  and  antitoxin  (commercial)  upon  the  phagocjiic  power 
of  rabbits'  blood.  The  toxin  was  the  filtrate  of  a  four 
weeks'  old  culture  of  the  bacterium,  and  was  fatal  for  guinea- 
pigs  in  doses  of  1.5  c.c.  in  forty-eight  hours.  The  results  set 
dowTi  in  the  table  are  phagocytic  averages  and  not  opsonic 
indices. 

Rabbits  were  subcutaneously  injected  (in  different  local- 
ities when  more  than  one  injection  was  made)  in  quick  suc- 
cession and  the  first  observation  was  made  after  the  lapse  of 
four  hours.  Both  blood  and  serum  were  drawn,  the  former 
being  defibrinated  by  sodium  citrate  solution.  In  preparing 
the  emulsion  of  corpuscles  the  same  amount  of  blood  was 
drawn  in  order  to  have  the  number  of  leukocytes  approxi- 
mately the  same.  The  emulsion  of  the  bacilli  was  made 
in  normal  salt  solution  and  washed  twice.     In  order  that  the 


results  might  be  comparable,  the  number  of  bacilli  in  the 
emulsion  at  the  three  tests  was  counted,  and  the  figures  in 
the  table  are  on  the  common  basis  of  the  lowest  count. 
In  setting  the  tests  0.1  c.c.  of  the  various  emulsions  and  sera 
was  pipetted  into  tubes  and  the  whole  made  up  to  0.6  c.c. 
with  normal  salt  solution.  The  smears  were  made  after 
the  tubes  had  been  one  hour  at  37°  C. 

The  first  thing  which  strikes  one's  attention  in  looking 
over  the  table  is  the  marked  decrease  in  the  average  phago- 
cytosis at  the  test  made  three  days  after  the  injection,  the 
negative  phase  of  opsonification.  Even  in  the  blood  of  the 
animal  which  had  received  the  antitoxin  alone  is  this  true, 
but  to  a  relatively  less  degree  than  in  the  others. 

The  immediate  (after  four  hours)  effect  of  the  injections 
seems  to  be  negligible  except  in  the  case  where  the  toxin 
was  injected  alone.  Here  the  average  rose  from  3.6  to  4.5, 
a  rise  of  0.9.  This  may  have  been  due  to  a  sudden  stimu- 
lation of  the  leukocytes  "in  vivo"  and  carried  on  when  the 
blood  was  shed;  the  same  thing  was  not  observed  with  the 
normal  corpuscles  and  "B"  serum,  nor  in  the  blood  of 
rabbit  "  C,"  which  received  both  bacilli  and  toxin,  probably 
because  the  organisms  anchored  the  opsonin  stimulated  to 
action  by  the  toxin.  The  marked  drop  in  phagocytosis 
after  seventy-two  hours  in  this  "B"  rabbit's  blood  may  be 
an  excessive  negative  phase  due  to  the  presence  of  over- 
whelming poison.  (This  animal  and  Rabbit  "A"  died  in 
ten  days,  preventing  the  extension  of  the  experiment  to  five 
tests  as  primarily  intended.)  The  lower  average  with  normal 
leukocytes  may  be  because  they  had  not  been  stimulated 
by  a  virus. 

From  the  reactions  of  the  blood  of  Rabbits  "D"  and  "E" 
it  would  seem  probable  that  the  injection  of  antitoxin  into 
animals  has  little  to  do  with  phagocytosis,  since  the  averages 
of  these  bloods  throughout  permit  of  comparison  with  that 
of  "A,"  which  received  the  bacilli  only. 

When  we  look  at  the  reactions  which  occurred  after  eight 


days  we  notice  an  increase  over  those  which  were  found  in 
the  previous  test,  except  with  "C"  serum  and  normal  blood, 
a  low  figure  which  I  am  unable  to  explain.  I  am  also  unable 
to  explain  the  marked  rise  of  the  phagocytic  average  with 
"C"  serum  and  corpuscles. 

The  last  averages  of  the  rabbit  recei\ing  toxin  are  relatively 
lower  than  the  averages  of  the  blood  of  the  animals  receiving 
bacteria,  either  alone  or  in  combination,  and  lower  relatively 
than  the  animal  receiWng  antitoxin  alone.  It  would  seem 
that  the  toxin  depresses  the  action  of  the  opsonins  when 
acting  "  in  vivo,"  that  is,  the  phase  of  stimulation  is  succeeded 
by  a  lasting  depressing  or  negative  stage. 

The  results  of  this  experiment  are  offered  with  the  full 
realization  that  they,  of  themselves,  have  little  value,  but  they 
may  supplement  the  work  of  some  other  observer  or  suggest 
a  line  of  work  to  him.  They  were  suggested  by  Prof.  Stengel, 
and  it  is  with  his  sanction  that  I  oflfer  them. 
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SOME  OBSERVATIONS  UPON  THE  STKUCTLKE 

OF  THE  SPIROCHETA  PALLIDA 

(SCHAUDINN). 

By  Herbert  Fox,  M.D., 

Volunteer  Associate,  William  Pepper  Laboratory  of 

Clinical  Medicine. 

(From  the  William  Pepper  Laboratory  of  Clinical  Medicine, 
Phoebe  A.  Hearst  Foundation.) 


The  object  of  this  communication  is  to  record  some  ob- 
servations on  the  morpholog}'  of  the  spiral  body  found  by 
Schaudinn  and  Hoffmann  in  preparations  from  syphilitic 
eruptions.  The  material  at  hand  consisted  of  smears  from 
six  chancres,  three  mucous  patches,  three  maculopapules, 
three  secondary  variolous  SA.'phihdes,  one  venereal  wart, 
sections  of  one  of  the  mucous  patches  and  of  the -venereal 
warts.  A  comparative  study  of  the  secondary  eruptions 
with  a  chancre  (author's  case)  was  made  possible  by  the 
gift  of  an  excised  mucous  patch  and  venereal  wart  from  Dr. 
Rosenberger,  whom  I  wish  to  thank  at  this  point. 

Pressure  preparations  were  made  on  slides  exclusively, 
avoiding  as  much  as  possible  any  rubbing  which  might 
alter  the  position  of  the  organisms,  or  distort  them.  Tissues 
were  presened  in  4  per  cent,  fonnalin. 

The  staining  methods  used  were:  Giemsa  (ten  minutes' 
fixation  in  absolute  alcohol  and  one  to  two  hours'  staining), 
Goldhorn's   borax  methylene   blue,    Wright's    blood    stain. 


filtered  saturated  aqueous  solution  of  gentian  violet,  iron- 
heniatoxylin,  and  the  silver  precipitation  method  modelled 
after  I^evaditi  but  somewhat  modified  for  use  with  slide 
smears.  The  first  two  are  very  good  for  diagnostic  purposes, 
especially  the  second  when  differentiated  with  Lugol's  solu- 
tion ;  but  for  study  of  the  form,  shape,  and  especially  the 
ends  of  the  spirals  the  last  three  were  found  to  be  the  best. 
The  silver  precipitation  method  is  as  follows:  Fixation  in 
10  per  cent,  formalin  thirty  minutes,  95  per  cent,  alcohol 
thirty  minutes,  1.5  per  cent,  solution  silver  nitrate  twenty- 
four  hours,  pyrogallol  solution  (pyrogallol  4  per  cent., 
formol  5  per  cent.)  four  hours,  wash  in  running  water,  clear 
with  alcohol  and  bergamot  oil,  and  mount.  This  may  or 
may  not  be  stained.  The  field  is  quite  dirty  but  it  has  been 
impossible  to  obviate  this  so  far.  The  organisms  may  be 
seen  quite  clearly  when  found  free  from  precipitate.  This 
method  is  only  useful  for  study  and  has  no  value  in  diagnosis. 

It  is  hardly  necessary  to  go  into  the  percentage  of  findings 
in  my  material  further  than  to  say  that  the  results  are  in 
accord  with  those  of  others.  The  variations  of  size  will 
be  considered  later,  but  the  evidences  of  flexibility  indicated 
by  the  position  of  the  spirals  in  pressure  preparations,  and 
the  irregularities  of  staining  have  been  reported  many  times. 
These  appearances  seem  to  be  more  characteristic  of  the 
Sp.  refrihgens  than  of  the  Sp.  pallida. 

Herxheimer  and  Loeser  have  reported  the  finding  of 
spindle-like  bundles  and  rosette  arrangements  of  these 
spirochetfe,  simulating  segmenting  trypanosomata.  Such 
an  arrangement  has  never  been  seen  in  any  of  my  prepara- 
tions. In  smears  the  organisms  are  usually  single;  two  or 
three  may  be  seen  more  or  less  closely  intertwined  at  some 
point  of  the  length;  two  individuals  are  sometimes  encountered 
lying  parallel  with  their  coils  closely  interlocking,  giving 
the  appearance  of  longitudinal  division.  In  tissue  they  are 
most  frequently  single,  and  when  present  in  large  numbers 
lie  more  or  less  parallel  to  the  tissue  structure;  masses  of 


spirocheta  are  without  definite  arrangement.  The  long 
axis  of  the  Ixxly  of  the  organism  is  commonly  straight  when 
seen  in  tissue,  but  in  slide  stains,  no  matter  how  carefully 
made,  the  spirocheta  is  most  often  bent,  even  to  the  extent 
of  forming  a  circle,  which  fact  is  not  difficult  to  explain  if 
we  imagine  one  entl  drying  before  the  other.  In  all  proba- 
bility these  shapes  are  largely  artificial. 

Examination  with  high  apochromatics  and  compensation 
oculars  has  not  developed  any  undulating  membrane  or 
contractile  pore  either  in  the  moist  or  stained  (iron-hema- 
toxylin)  state. 

Evidences  of  what  might  be  consideretl  longitudinal 
division  have  been  observed  four  times  in  all  the  prepara- 
tions studied,  while  undoubted  transverse  division  has  been 
seen  many  more  times.  The  transverse  division  is  charac- 
terized by  the  appearance  of  a  palely  staining  area  at  or  near 
the  middle  of  the  spiral,  with  subsequent  thinning  and 
separation  of  the  extremities  into  two  new  individuals.  On 
one  occasion  transverse  division  into  three  elements  was 
noted.  It  seems  that  the  newly  formed  or  newly  forming 
spirals  have  more  cunes  in  relation  to  their  length  than 
the  individuals  apparently  older. 

On  the  other  hand  the  indications  of  longitudinal  divi-.ion 
are  not  clear,  the  best  example  being  shown  in  the  drawing  (B). 
Here  the  free  end  is  fine  and  tapering,  while  the  end  near 
the  larger  spiral  has  the  same  diameter  as  that  body  at  their 
point  of  contact.  They  must  have  be  enclosely  associated, 
since  no  power  of  the  microscope  at  my  command  could 
dissolve  them  at  their  point  of  junction.  This  was  seen  in 
a  stain  from  a  chancre. 

Many  times  intertwined  spirals  were  met  with,  but  in 
almost  every  instance  both  ends  of  each  body  could  be  dis- 
covered by  diligent  search. 

A  wonl  will  be  added  here  in  reference  to  this  matter  of 
division  which  will  have  a  relation  to  what  will  follow.  Only 
the  large  tj^ical  forms  of  the  "  pallida"  show  this  simulation 


of  longitudinal  division,  the  shorter  type  always  segmenting 
transversely. 

When  comparing  the  preparations  made  from  chancres 
and  from  secondaries,  I  was  struck  with  the  fact  that  the 
forms  of  the  "pallida"  met  with  in  the  initial  sore  are  more 
typical  and  regular  in  their  shape  and  size  than  those  met 
in  the  later  manifestations.  They  are  spirals  of  an  average 
length  of  11.14  microns  with  an  average  number  of  wind- 
ings of  10.2;  their  curves  form  the  large  arc  of  a  small  circle. 
By  careful  observation  with  high  powers  of  magnification 
in  all  preparations,  even  the  azur  stains,  one  end  may  be 
seen  to  be  thicker  than  the  other.  The  thinner  end  fades 
away  into  a  fine  filament  called  by  Schaudinn  the  flagellum, 
but  which  appears  to  be  more  exactly  a  continuation  of  the 
body  of  the  spirillum,  a  view  expressed  by  Norris,  Pappen- 
heimer,  and  Floumoy  in  regard  to  Sp.  Obermeieri.  With 
the  silver  method  this  extremity  is  blunt  and  has  not  the 
appearance  of  a  whip.  On  one  spiral,  by  this  method,  a 
straight  tail  was  seen  to  come  off  this  finer  end  and  appears 
to  be  a  flagellum  (Fig.  1).  The  thicker  end  is  not  only 
wider  but  takes  the  stain  more  deeply,  especially  when  the 
silver  or  gentian-violet  methods  are  used.  A  filamentous 
extension  of  this  end  was  never  observed,  nor  could  any 
definite  structure  be  made  out.  Beyond  this  blunter  end  no 
prolongation  can  be  discovered  and  there  seems  to  be  no 
spot  at  or  near  the  fine  end  of  the  body  which  is  comparable 
to  the  clubbing,  in  other  words  no  thickening  from  which 
the  terminal  filament  or  flagellum  comes  off.  Nor  could 
this  terminal  filament  be  traced  back  into  the  body  of  the 
spiral  as  a  differentiated  line.  Fig.  1  A  (gentian  violet)  and 
E  (silver  preparation)  in  the  drawing  show  the  appearance  of 
a  typical  "  pallida"  from  a  chancre;  and  in  both,  the  clubbed 
and  fine  ends  are  easily  made  out.  I  was  unfortunate  in 
photographing  the  large  form  and  am  obliged  to  substitute 
a  drawing.  Fig.  1  B  represents  longitudinal  division,  if 
it  be  division,  proceeding  from  the  fine  end  of  this  form. 


Fig.  I.— a,  typical  Sp.  pallida  (gentian  violet);  B,  evidence  of 
longitudinal  division  (gentian  violet);  C,  shorter  form  with  regular 
coils  and  more  equal  ends  seen  in  secondaries  (silver  preparation) ; 
D  and  F,  irregular  large  type  seen  in  secondaries  (silver  preparation); 
E,  typical  Sp.  pallida  showing  how  the  relations  between  the  ends  are 
maintained  in  silver  preparation;  G,  Sp.  refringens  (silver  preparation). 


Schaudinn  supposes  that  when  two  flagellae  are  seen,  divi- 
sion is  beginning,  a  reasonable  assumption  if  this  spiral  be 
a  protozoon.  If  it  be  a  protozoon  one  might  expect  to  find 
a  basal  body  at  the  root  of  the  flagellum,  but  such  a  spot 
cannot  be  made  out  at  the  fine  end  of  the  spiral.  The  blunt 
extremity  of  the  spirocheta  may  contain  such  a  body  but 
this  study  can  oft'er  no  elucidation  upon  this  point  since 


*^:-» 


Fig.  2. — Spirocheta  paUida,  large  atypical,  by    circa  2000  (silver). 


sufficiently  clear  evidences  of  longitudinal  division  were 
observed  so  seldom.  The  picture  in  the  drawing  was  en- 
countered only  once.  The  blunt  end  may  be  the  blepharo- 
plast  itself,  with  the  body  unstained,  the  spiral  we  see 
being  the  undulatory  membrane  or  the  two  latter  combined. 
In  the  secondaries,  besides  the  form  described  above,  one 
meets  such  types  as  shown  in  Fig.  1  D  and  F,  also  in  Fig.  2. 


These  represent  some  of  the  atypical  spirochete  which 
appear  to  be  the  same  as  the  ones  described  al)ove.  They 
have  l>een  observed  before  and  explained  as  artificial  pro- 
ductions. Their  curves  assume  for  the  most  part  the  usual 
large  are  of  a  small  cirele,  but  |)ortions  of  the  length  may  Ite 
found  without  any  curvature.  They  are  not  infrequently 
seen  with  one  or  the  other  end  nearly  straight,  as  in  the 


FiQ.  3. — Spirocheta  pallida,  small  atypical,  by  circa  1800  (silver). 


pictures.  In  these  forms  the  thick  extremitv'  is  commonly 
well-marked.  One  of  these  is  seen  in  about  ever}-  ten  indi- 
viduals. 

Besides  these  a  shorter  slightly  thicker  form  (especially 
in  the  silver  preparations)  may  be  seen  in  the  secondaries; 
they  are  depicted  in  Fig.  1  C,  also  Fig.  3.  This  form  is 
usually  quite  regular  and  both  ends  have  nearlv  the  same 


diameter,  although  one  end  may  sometimes  slightly  exceed 
the  other;  in  the  photograph  one  extremity  is  a  trifle  clubbed. 
It  has  been  suggested  that  this  clubbing  is  a  coil  of  the 
terminal  filament,  but  upon  search  through  simple  stains 
no  such  position  of  the  fine  end  could  be  found.  With  the 
silver  method  l)oth  ends  stain  with  the  same  intensity  and 
with  gentian  violet  both  ends  take  the  stain  badly.     The 


Fi'^.  4. — Spiroclieta  refrigens,  by  circa  1800  (gentian  violet). 


average  length  of  this  small  form  is  10.1  microns  and  the 
average  number  of  windings  is  eight.  These  are  met  with 
about  once  among  twenty  spirals.  They  may  be  differentiated 
from  the  Sp.  refringens  by  the  fineness  and  apparent  flexi- 
bility of  the  latter  in  the  silver  mounts,  by  the  facts  that  the 
coils  of  this  spiral  form  a  small  arc  of  a  large  circle  and  the 
ends  are  of   the  same   thickness   and  take  the  stain  with 


equal  intensity.  The  average  length  of  the  Sp.  refringens 
is  12  microns  and  the  number  of  cun'es  averages  six  (Fig.  4). 

The  bulbous  ends  were  not  found  on  spirals  in  smears 
from  Vincent's  angina,  the  normal  mouth,  carious  teeth  and 
an  ulcerated  surface. 

Although  these  forms  were  observed  in  the  material  at 
hand  it  should  be  emphasized  that  I  lay  no  importance  upon 
them  as  characters  of  sex,  age,  stage  of  development,  in- 
volution, correspondence  to  the  stage  of  the  disease  or  nature 
of  the  lesions.  They  may  assist  in  settling  the  nature  of 
the  spiral,  however.  Since  none  of  the  essentials  of  the 
protozoa  have  been  found,  the  proper  classification  remains 
an  open  question.  Zetnow  has  lately  discovered  that  the 
flagella  of  the  Sp.  pallida,  unlike  those  of  the  bacteria,  will 
stain  with  methylene  blue.  The  term  "Sp.  pallida"  has  been 
used  in  this  paper,  since  we  have  no  exact  nomenclature  at 
present.  Realizing  the  differences  from  the  bacteria  and 
from  the  protozoa  (flagellata)  Schaudinn  has  suggested  the 
name  "Treponema."  We  will  hope  for  further  information 
to  establish  the  identity-  of  the  Sp.  pallida. 

I  wish  to  acknowledge  my  thanks  to  Dr.  Lavenson  for 
assistance  in  preparing  the  photomicrographs. 


Reprinted  from  the  University  of  Pennsyl\tuua  Medical  Bulletin, 
Februar>'>  ^^09. 


A  REPORT  OF  TWO  CASES  OF  RELAPSING 
FEVER/ 

By  John  W.  Hunter,  M.D., 

AND 

Thomas  A.  Cope,  M.D., 
Philadelphia. 

(From  the  William  Pepper  Laboratory  of  Clinical  Medicine,  University 
of  Pennsylvania.) 


The  extreme  rarity  of  relapsing  fever  in  this  country  justi- 
fies the  publication  of  these  two  isolated  cases,  which  came 
under  our  observation  in  the  wards  of  the  University 
Hospital  last  fall.  They  were  admitted  to  the  service  of 
Dr.  James  Tyson,  to  whom  we  are  indebted  for  the  privil^e 
of  making  this  report. 

The  earliest  authentic  accounts  of  the  occurrence  of  re- 
lapsing fever  came  from  Ireland  and  Scotland  during  the 
early  part  of  the  eighteenth  centurj'.  Subsequent  outbreaks 
occurred  in  those  countries  during  the  forties  and  sixties. 
The  b^inning  of  the  nineteenth  century  found  a  coincidence 
of  epidemics  in  Ireland  and  Scotland,  and  in  1847  and  1848 
the  disease  made  its  appearance  in  London,  Liverpool,  Man- 
chester, and  many  other  towns  of  England.  Another  series 
of  outbreaks  was  reported  in  Scotland  and  England  from 
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1868  to  1873,  since  when  the  British  Isles  have  been  free  of 
the  disease  in  epidemic  form.^ 

Its  presence  in  Russia  was  first  reported  from  Odessa  in 
1833,  from  which  time  outbreaks  have  occurred  throughout 
that  country  up  until  the  present.  Reitlinger  says  it  has 
reached  as  far  North  as  Archangel,  and  that  in  1674  St. 
Petersburg  was  a  great  centre  for  the  malady.  The  larger 
cities  of  the  Muscovite  Empire  have  been  visited  frequently. 
According  to  Tictin,  Odessa  is  the  seat  of  an  epidemic  every 
fifteen  or  twenty  years.  It  appeared  in  Finland  in  1865, 
Siberia  in  1866,  and  in  Poland  in  1868. 

Reports  of  the  disease  in  Germany  date  from  1847.  Wide- 
spread epidemics  occurred  in  North  and  East  Germany  from 
1868  to  1873,  and  again  in  1878  and  1879.  Outbreaks 
occurred  in  Bosnia  and  Herzegovinia  in  1847,  1887,  and 
1890,  and  in  1903. 

Few  cases  have  been  reported  from  Asia  Minor  and  the 
North  African  States,  while  in  Egypt  the  disease  has  been 
quite  prevalent.  East  and  West  Africa  are  cursed  with  that 
form  known  as  "tick  fever." 

Relapsing  fever  is  epidemic  in  India,  and  numerous  epi- 
demics have  been  reported  from  China. 

The  disease  was  first  introduced  to  the  Western  Hemi- 
sphere in  1844  by  Irish  immigrants  who  landed  at  Phila- 
delphia. Under  like  circumstances,  it  was  imported  into 
New  York  in  1847.  Flint  discovered  fifteen  cases  in  Buffalo 
in  1850.  It  was  epidemic  in  New  York  and  Philadelphia 
during  1869,  and  from  the  latter  place  spread  slightly  through 
Pennsylvania  during  the  two  following  years.  This  epidemic 
formed  the  basis  of  the  extensive  clinical  studies  made  by 
Pepper  and  Rhoads.  California  was  afflicted  with  an  epi- 
demic among  the  Chinese  in  1874. 

In  South  America  the  disease  first  appeared  in  Peru  in 
1854,  and  spread  to  Chili  and  Bolivia  in  1856.    A  few  cases 
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have  been  reported  from  Cuba,  Mexico,  and  Panama  in  recent 
years. 

Griesinger,  in  1853,  was  the  first  to  call  attention  to  the 
relationship  of  relapsing  fever  to  bilious  typhoid,  a  clinical 
entity  which  was  observed  and  described  in  many  of  the 
above-cited  epidemics.  He  looked  upon  them  as  modifica- 
tions of  the  same  morbid  process.  After  the  discovery  of 
the  causal  agent  by  Obermeier,  in  1873,  Moschutkowsky,  by 
inoculation  experiments,  proved  the  communicability  of  the 
disease,  and  likewise  the  identity  of  bilious  typhoid  and  re- 
lapsing fever. 

Case  I. — J.  Y.,  aged  twenty-three  years,  white,  and  a 
native  of  Turkey,  was  admitted  to  the  hospital  September  23, 
1907. 

Chief  Complaints.     Headache  and  general  malaise. 

Personal  History.  Patient  was  bom  in  Turkey  and  went 
to  a  native  school  for  seven  years,  after  which  he  spent  two 
years  in  St.  Paul's  College,  working  as  a  carpenter  for  his 
tuition.  He  came  to  this  country  from  France  on  September 
18,  1907;  he  had  been  in  France  about  one  month,  going 
there  from  Turkey.  Smokes  moderately,  but  does  not  use 
alcohol;  denies  having  had  any  venereal  disease. 

Family  History.  Father  and  mother  are  living  in  Turkev ; 
five  sisters  and  one  brother  living,  and  well.  No  historj'  of 
renal,  tuberculous,  malignant,  or  cardiac  disease. 

Previous  Medical  History.  Patient  does  not  remember - 
having  had  any  of  the  diseases  of  childhood.  He  states  that 
in  recent  years  he  has  had  several  attacks  of  fever,  accom- 
panied by  headaches.  These  attacks  resembled  his  present 
illness.  They  usually  occurred  in  the  late  summer  and 
lasted  an\-where  from  a  few  days  to  two  weeks.  During  the 
attacks  the  abdomen  became  hard,  there  were  severe  head- 
aches and  general  malaise,  and  the  bowels,  as  a  rule,  were 
loose.  Patient  has  had  no  illness  for  the  past  two  years, 
except  a  slight  rise  of  temperature  while  on  the  steamer 
coming  from  France. 


History  of  Present  Illness.  The  onset  occurred  during  the 
afternoon  of  September  20,  when  patient  was  taken  with 
severe  headache  and  felt  very  tired.  He  went  to  bed,  and 
toward  the  evening  became  feverish,  and  at  times  very  dizzy. 
He  took  a  cathartic,  and  in  consequence  his  bowels  were 
loose  all  of  Saturday,  previous  to  which  time  they  had  been 
regular.  He  was  confined  to  bed  all  that  day,  and  continued 
to  suffer  with  headache  and  general  malaise.  He  states  that 
his  head  felt  very  heavy  and  that  he  was  very  weak.  All  of 
yesterday  the  symptoms  continued.  There  was  no  nose- 
bleed, no  abdominal  pain,  no  nausea. 

Physical  Examination.  Patient  is  a  fairly  well-nourished 
male,  with  fair  muscular  and  bony  development.  There  is 
no  jaundice,  cyanosis,  or  edema;  no  pallor  of  the  visible 
mucous  membranes.  The  skin  has  a  bronze  hue.  The  pupils 
are  equal,  and  react  to  light  and  accommodation.  The 
tongue  is  coated  with  a  whitish  fur;  the  breath  is  foul;  the 
teeth  are  in  fair  condition.  There  are  visible  pulsations  in 
the  neck.  The  chest  is  fairly  developed,  and  expansion  on 
both  sides  is  equal.  There  are  no  abnormal  prominences. 
Tactile  fremitus  is  about  the  same  throughout;  percussion 
gives  a  clear  resonant  note  all  over  the  chest,  and  there  is  a 
normal  vesicular  murmur  on  auscultation.  The  pulse  is 
soft  and  remarkably  dicrotic.  The  cardiac  duhiess  extends 
from  the  third  rib  to  the  right  border  of  the  sternum  to  the 
midclavicular  line.  The  apex  beat  is  not  palpable;  the 
heart  sounds  are  weak  and  distant;  a  faint  systolic  murmur 
is  heard  at  the  apex,  and  is  not  transmitted.  The  liver  dulness 
extends  from  the  upper  border  of  the  sixth  rib  to  the  costal 
margin;  the  splenic  duhiess  extends  from  the  eighth  to  the 
twelfth  rib,  between  the  anterior  and  posterior  axillary 
lines.  The  spleen  is  not  palpable.  The  abdomen  is  negative. 
The  extremities  are  negative. 

Urine  analysis  revealed  a  trace  of  albumin,  numerous  light 
and  dark  granular  casts,  mucus,  and  leukocytes. 

Blood  Count.  Hemoglobin,  47  per  cent.;  erythrocytes, 
3,550,000;  leukocytes,  4700.    The  Widal  reaction  was  nega- 


tive.  Examination  for  malarial  parasites  was  n^ative. 
Blood  smears  stained  by  Wright's  method  revealed  the 
presence  of  the  spirochaete  of  Obermeier  in  small  numbers. 
The  spirochsete  were  found  at  3  P.M.  of  September  24;  at 
4.30  P.M.  numerous  preparations  of  the  patient's  blood  were 
made,  but  examination  of  these  failed  to  discover  any  spiro- 
chjete.  The  patient's  temperature  at  3  p.m.  was  105.2°;  at 
6  p.m.  it  was  103.2°.  At  this  time  the  patient  was  tubbed, 
and  at  6.30  p.m.  his  temperature  was  99.3°;  at  9  p.m.  it  was 
normal,  and  at  12  midnight  it  had  dropped  to  95°.  The 
following  day,  September  25,  the  patient  felt  quite  comfort- 
able. The  systolic  murmur  which  was  heard  during  the 
height  of  the  fever  had  disappeared.  The  spleen  remained 
about  the  same  size. 

On  October  4,  or  ten  days  after  his  crisis,  he  felt  more 
tired  than  usual,  but  otherwise  was  quite  normal!  There 
was  no  elevation  of  temperature,  and  examination  of  the 
blood  proved  n^ative.  For  nineteen  days  after  his  crisis 
he  ran  a  subnormal  temperature.  In  all  other  respects  his 
convalescence  was  unnoteworthy,  and  he  was  discharged 
cured  on  October  19. 

Case  II. — J.  M.,  aged  twenty-two  years,  white,  and  a  native 
of  Armenia,  was  admitted  to  the  hospital  on  October  2,  1907. 

Chief  Complaints.  Headache,  general  abdominal  pain,  and 
malaise. 

Social  History.  Patient  was  bom  in  Turkey,  and  went  to 
a  native  school  until  he  was  sixteen  years  of  age,  when  he 
entered  St.  Paul's  College  and  worked  as  a  tailor  for  his  tui- 
tion. He  came  to  this  country  about  fourteen  months  ago, 
and  has  been  working  at  his  trade  ever  since;  does  not  use 
alcohol  or  tobacco;  denies  any  venereal  history. 

Family  History.  Father  and  mother  have  lived  in  this 
country  for  about  one  year;  they  are  in  good  health;  two 
brothers  and  one  sister  are  living  and  well.  No  histo^^'  of 
tuberculous,  cardiac,  or  renal  disease. 

Previous  Medical  History.  Patient  states  that  he  had  sev- 
eral diseases  during  childhood,  but  cannot  recall  any  of  them 


by  name.  He  has  always  enjoyed  fairly  good  health.  Four 
years  ago  he  had  an  attack  of  fever,  which  lasted  for  five 
weeks;  this  was  accompanied  by  a  spotted  rash.  Since  then 
his  health  has  been  good. 

History  of  Present  Illness.  On  the  arrival  of  J.  Y.  (Case  I) 
in  this  country,  September  18, 1907,  he  went  to  live  with  this 
patient,  and  slept  with  him  from  September  18  until  his  ad- 
mission to  the  hospital  on  the  twenty-third  day  of  that  month. 
On  September  20  Case  I  was  taken  with  his  attack  of  fever, 
and  Case  II  slept  with  him  three  nights  after  the  onset  of  the 
disease.  This  patient's  illness  started  rather  suddenly  on 
September  30,  or  ten  days  after  first  exposure.  The  attack 
was  ushered  in  with  a  chill,  after  which  the  patient  went  to 
bed.  He  had  no  pain,  but  a  general  feeling  of  discomfort 
and  more  or  less  chilliness.  On  the  following  day  he  had 
quite  a  little  general  abdominal  pain,  accompanied  by  fever 
and  rather  severe  headache.  His  bowels  were  constipated, 
and  he  was  ordered  a  cathartic,  which  acted  favorably  the 
next  day.  On  October  2  the  headache  and  fever  continued, 
and,  in  addition,  he  had  severe  attacks  of  abdominal  pain. 
There  were  no  prodromal  symptoms  of  typhoid. 

Physical  Examination.  Patient  is  a  fairly  well-nourished 
male,  with  fair  bony  and  muscular  development;  no  edema, 
cyanosis,  or  jaundice.  The  skin  is  of  a  dark  hue,  with  slight 
cutaneous  eruptions  at  different  parts  of  the  body.  There  is 
no  enlargement  of  the  superficial  lymphatics.  The  pupils 
are  equal  and  react  to  light  and  accommodation.  The 
tongue  is  coated  with  a  whitish  fur,  the  breath  rather  foul, 
and  the  teeth  in  good  condition.  There  is  visible  pulsation 
in  the  vessels  of  the  neck.  The  chest  is  fairly  well  developed. 
Respirations  are  somewhat  rapid  and  shallow,  and  expansion 
on  both  sides  is  equal.  Percussion  gives  a  clear  note  poste- 
riorly and  anteriorly  on  the  right  side;  on  the  left  side  reso- 
nance is  slightly  impaired  from  the  clavicle  to  the  fourth  rib, 
over  which  area  the  breath  sounds  are  somewhat  harsh  and 
prolonged,   although    there   is   harsh   breathing,    especially 


anteriorly,  throughout  both  lungs.  Tactile  fremitus  is  about 
the  same  throughout.  A  few  fine  moist  rales  can  be  heard 
scattered  over  both  sides.  The  cardiac  dulness  extends  from 
the  thuxl  rib  to  the  midstemal  line,  to  the  midclavicular 
line.  At  each  heart  beat  a  precordial  wave  can  be  seen. 
The  apex  is  visible  and  palpable  in  the  fifth  mterspace  just 
withm  the  midclavicular  line.  The  heart  sounds  are  rapid 
but  strong.  There  is  no  murmur.  The  second  pulmonic 
sound  is  accentuated.  The  pulse  is  poor  and  markedly  di- 
crotic. The  liver  dulness  extends  from  the  lower  border  of 
the  fifth  rib  to  the  costal  margin.  The  speen  is  enlarged  to 
percussion,  but  is  not  distinctly  palpable.  On  admission 
yesterday,  however,  the  spleen  was  palpable.  The  abdomen 
is  slightly  t}Tnpanitic;  otherwise  it  is  n^ative.  The  ex- 
tremities are  negative. 

Blood  Count.  Hemoglobin,  85  per  cent.;  erythrocytes, 
5,820,000;  leukocytes,  15,600;  Widal  reaction  was  negative; 
preparation  of  the  blood  stained  by  Wright's  method  revealed 
the  presence  of  the  spirochsete  of  Obermeier  in  moderate 
numbers. 

Urine  Analysis.  This  revealed  a  trace  of  albumin,  some 
mucus,  leukocytes,  and  epithelial  cells,  but  no  casts. 

The  temperature  ranged  from  101°  to  105°,  with  a  propoi> 
tionate  pulse  rate  and  a  disproportionately  rapid  respiration 
rate  until  October  6,  which  was  seven  days  after  the  onset. 
On  this  day  the  temperature  began  to  fall  rapidly  at  6  p.m., 
and  at  midnight  had  reached  97°.  Patient  did  not  feel  greatly 
improved  in  spite  of  this  drop  in  the  temperature.  He  vom- 
ited once,  and  nausea  was  noted  throughout  the  evening. 
The  skin  was  quite  moist.  From  October  6  until  October 
13  the  patient  gained  rapidly,  and  on  October  12,  except  for 
a  little  weakness  which  was  rapidly  disappearing,  he  felt 
entirely  normal.  His  appetite  was  good.  On  this  date  the 
spleen  was  decidedly  palpable.  On  October  13  his  tempera- 
ture rose  from  98°  at  noon  until  it  reached  103°  at  9  p.m. 
This  temperature  rise  was  accompanied  by  malaise,  and  the 


patient  went  to  bed.  The  face  and  conjunctivae  were  quite 
flushed;  the  tongue  was  coated,  the  skin  hot  and  dry,  and 
the  spleen  rapidly  increased  in  size  until  it  reached  one-third 
the  distance  from  the  costal  margin  to  the  umbilicus;  his 
subjective  symptoms,  however,  were  much  less  than  his  high 
temperature  would  lead  one  to  expect.  No  backache  or 
headache  were  complained  of.  The  heart  sounds  were  rapid 
but  clear.  The  adomen  was  tympanitic.  Calomel  was  pre- 
scribed. Careful  examination  of  the  blood  for  spirochsete 
failed  to  discover  them.  The  temperature  ranged  between 
100°  and  104.6°,  with  a  proportionate  pulse  and  a  dispropor- 
tionately rapid  respiration  rate,  from  October  31  until 
October  16,  when  it  fell  by  rapid  crisis  from  104.6°  at  12  noon 
to  normal  at  6  p.m.,  and  to  95°  at  three  o'clock  the  following 
morning.  There  was  a  concomitant  but  not  proportionate 
drop  in  the  pulse  and  respiration.  On  the  following  day, 
October  17,  the  spleen  had  markedly  decreased  in  size. 
Examination  of  the  blood  proved  the  presence  of  spirochsete, 
but  in  rather  scant  numbers,  on  October  14,  15,  and  16,  the 
three  days  of  the  attack.  From  the  date  of  his  crisis,  October 
16,  until  the  date  of  his  discharge,  October  27,  the  patient 
went  through  an  unnoteworthy  convalescence. 

KoUe  and  Wasserman  give  the  incubation  period  of  re- 
lapsing fever  as  seven  days.  In  the  first  case  it  was  quite 
impossible  to  judge  of  the  length  of  the  incubation  period, 
but  the  second  case,  having  slept  with  the  first  case  while  in 
fever  on  the  nights  of  September  20,  21,  and  22,  and  having 
developed  the  disease  suddenly  on  September  30,  shows  quite 
clearly  that  here  the  incubation  period  was  confined  to  an 
interval  of  from  seven  to  ten  days  in  length. 

Oks  averaged  the  statistics  of  twelve  observers,  and  found 
that  one  febrile  period  occurs  in  37.7  per  cent,  of  the  cases, 
two  febrile  attacks  occur  in  54.3  per  cent.,  and  three  in  14.2 
per  cent.  Our  first  case  had  no  relapse,  and  our  second  case 
had  but  one. 
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According  to  Meschede,  the  average  length  of  the  febrile 

and  afebrile  periods,  from  observation  of  360  cases,  was  as 

follows: 

I.  II.  III.  IV.         V. 

Febrile       .     .     7—6  5—4  4—3        3—1         1—0 

AfebrUe      .     .     7—8  9—10  11—12 

The  only  febrile  period  in  our  first  case  lasted  five  days. 
In  the  second  case  the  first  febrile  period  had  a  duration  of 
seven  days  in  length,  and  the  second  febrile  period  was  three 
days  in  duration.  Mocszutkowski*  states  that  the  maximum 
duration  of  the  apyretic  periods  is  twelve  days,  and  that  if, 
after  a  period  of  this  duration  has  passed,  there  occurs 
another  febrile  attack,  it  should  be  attributed  to  re-infection. 

The  first  case  ran  a  subnormal  temperature  for  nineteen 
days  after  its  crisis;  the  second  case,  during  the  afebrile  inter- 
val, ran  a  slightly  subnormal  temperature;  and  for  sixteen 
days  after  his  second  crisis  the  temperature  was  markedly 
subnormal. 

Heydenreich  and  Ouskow'  state  that  there  is  a  considerable 
leukocytosis  during  the  febrile  periods.  Brown,'  on  the  other 
hand,  noted  a  slight  leukocytosis  during  the  afebrile  periods 
and  a  drop  to  normal  during  the  febrile  periods.  Our  first 
case  showed  a  normal  leukocyte  count  just  before  his  crisis. 
The  second  case  showed  a  leukocytosis  of  15,900  on  the 
fourth  day  of  his  first  febrile  period. 

Unfortunately,  a  case  of  smallpox  developed  in  the  ward 
where  these  patients  were  confined  on  October  5.  The  ward 
was  strictly  quarantined,  and  our  observation  of  the  cases 
was  thereby  greatly  handicapped. 

Enlargement  of  the  spleen  is  usual  during  febrile  periods, 
with  a  diminution  toward  normal  during  afebrile  periods, 
and  a  gradual  decrease  after  convalescence  sets  in  to  normal. 
In  the  first  case  there  was  no  palpable  enlargement  of  the 

*  Kolle  and  Wasserman,  Band  iii. 

»Ibid. 

■  Presbyterian  Hospital  Reports,  1906. 
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spleen,  while  in  the  second  case,  during  the  first  febrile  period, 
although  the  spleen  was  large,  it  was  definitely  palpable  only 
at  times;  but  in  the  afebrile  period,  six  days  after  his  crisis, 
the  spleen  could  be  readily  felt.  At  the  onset  of  the  relapse 
the  spleen  rapidly  increased  in  size  until  it  had  reached  one- 
third  the  distance  from  the  costal  margin  to  the  umbilicus, 
and  on  the  day  after  the  second  crisis  the  spleen  showed  rapid 
decrease  in  size. 

At  present  the  principal  distribution  of  the  disease  is  East 
and  West  Africa,  Europe,  and  India.  Dutton  and  Todd 
considered  the  European  and  African  fevers  to  be  identical, 
and  this  view  was  more  or  less  shared  by  Koch,  who,  how- 
ever, recognized  minor  differences.  On  the  other  hand,  Novy 
and  Knapp,  according  to  the  morphology  of  the  spirochsete, 
and  through  differences  in  animal  reactions,  differentiate 
the  African  variety  from  the  European,  and  both  of  these  from 
the  Indian  variety  described  by  Turnbull,  Walker,  Powell, 
and  others.  These  different  forms  they  look  upon  as  consti- 
tuting a  group  of  recurrent  fevers.  Some  writers  recognize  a 
fourth  variety,  the  American,  to  the  cause  of  which  Schellack^ 
gives  the  name  Spirochete  novyi. 

There  has  been  considerable  argument  as  to  what  place 
in  Nature  the  spirochaete  occupy.  Schaudinn,  Prowazek, 
Keysillitz,  Herxheimer,  and  others  regard  them  as  belonging 
to  the  protozoa,  and  nearly  related  to  the  trypanosoma. 
Koch,  Borrel,  Laveran,  Zettnow,  Novy  and  Knapp,  Norris, 
Pappenheimer  and  Floumoy,  Thesing,  and  many  others  look 
upon  them  as  true  bacteria,  and  in  no  way  related  to  the  try- 
panosomes.  Kolle  and  Hetsch  place  them  as  a  special  class 
of  microorganisms  standing  midway  between  the  bacteria  and 
the  protozoa. 

The  arguments  for  and  against  their  animal  or  vegetable 
character  have  been  based  on  the  following  attributes:  first, 
presence  or  absence  of  a  nucleus,  micronucleus  (centrosome, 

*  Arb.  a.  d.  k.  Gesundtsamte,  xxvii,  No.  2. 


11 

or  blepharoblast),  and  undulating  membrane;  second,  the 
character  and  distribution  of  cilia;  thini,  their  behavior  in 
the  presence  of  certain  chemical  substances — and  here  might 
be  included  the  phenomenon  of  plasmolysis;  fourth,  their 
artificial  cultivation;  and  fifth,  the  means  of  their  transmis- 
sion. Nearly  all  of  the  evidence  today  seems  to  be  in  favor 
of  tlieir  belonging  to  the  Bacteria,  and  from  our  limited  obser- 
vation this  is  the  view  we  are  inclined  to  take.  In  our  speci- 
mens we  could  not  make  out  any  cell  structure  whatever, 
such  as  nucleus,  micronucleus,  or  undulating  membrane. 

Madimirff^  describes  the  spirochaete  of  Obermeier  as  a 
fine,  spirally  wound  thread,  somewhat  pointed  at  the  ends, 
whose  greatest  thickness  is  about  1  mu,  and  whose  length 
varies  from  10  to  20  to  40  mus,  and  even  more.  The  number 
of  spiral  turns  is  variable  (6  to  20),  and  in  general  is  more  or 
less  proportional  to  the  length  of  the  individual.  The  radius 
of  the  spirals  varies  so  widely  that  it  is  hardly  possible  to*  give 
an  average  length  for  the  same.  Norris'  says  the  spirochaete 
in  his  case  varied  considerably  in  length  and  in  the  number  of 
spiral  turns.  Numerous  transitions  existed  in  the  closeness  of 
these  turns.  IMany  of  the  longer  forms  showed  an  attenu- 
ated or  unstained  portion  in  the  centre,  suggesting  fragmenta- 
tion or  fission.  The  spirochaete  from  our  cases  did  not  vary 
greatly  in  length  or  in  the  number  of  turns.  ISIost  of  those 
we  observed  were  about  20  to  30  mus  in  length,  and  showed 
from  seven  to  ten  spiral  turns.  Long  forms  were  seen,  and 
at  times  in  these  could  be  made  out  the  unstained  breaks 
referred  to  by  Norris,  which  truly  suggested  transverse  divi- 
sion of  the  cell. 

The  movements  of  the  spirochaete  are  of  three  distinct  kinds : 
the  first,  and  perhaps  the  most  important,  is  a  rapid  revolu- 
tion around  the  long  axis  of  the  organism,  first  in  one  direction 
and  then  in  the  other;  this  might  be  compared  to  the  motion 
of  a  corkscrew.    The  second  variety  of  movement  is  a  "fore- 

'  Kolle  and  Wasserman,  Band  iii. 
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and-aft"  shooting  motion,  whereby  the  organism  darts  ahead 
and  as  rapidly  back;  the  third  form  observed  is  a  sHghtly 
bending,  or  waving  motion.  It  might  very  well  be  that  the 
darting  "fore  and  aft"  shown  by  the  organism  when  moving 
fairly  rapidly  is  due  to  a  driving  effect  of  the  screw-like 
motion  around  the  long  axis. 

In  fresh  preparations  of  the  blood  from  our  two  cases  their 
movements  were  so  rapid  that  no  sign  of  the  spirochsete  could 
be  seen,  and  it  was  only  after  they  had  quieted  down  at  the 
end  of  twenty-four  to  thirty-six  hours  that  the  organisms 
could  be  observed  at  all.  We  succeeded  in  slowing  their 
movements  by  placing  the  preparation  on  ice  for  about  half 
an  hour.  In  addition  to  those  already  noted,  we  could  see 
running  over  the  parasite  a  wave  that  suggested  the  move- 
ments of  numerous  cilia.  When  the  organism  had  quieted 
down  considerably,  so  that  the  revolutions  around  its  long 
axis  were  quite  slow,  there  was  no  "fore-and-aft"  motion  or 
darting  to  be  observed. 

Novy  and  Knapp  noted  a  more  or  less  continuous  change 
of  place  in  the  movements  of  the  spirochaete  they  studied. 
Koch,  on  the  other  hand,  thought  that  this  change  of  place 
did  not  occur,  but  that  the  organisms  occupied  approxi- 
mately the  same  field  for  quite  a  time.  According  to  our 
observations,  we  are  inclined  to  agree  with  both  of  these  ob- 
servers. It  is  quite  true  that  the  organism  remains  in  approxi- 
mately the  same  field  for  a  longer  or  shorter  period  of  time; 
but,  on  the  other  hand,  it  is  true  that  it  does  move  from  one 
field  to  another. 

Zettnow,*  in  the  Spirochaete  duttoni,  was  able,  through  a 
special  staining  method,  to  demonstrate  numerous  cilia  and 
flagella  on  the  sides  and  ends  of  the  organism.  Fraenkel,^ 
using  the  same  staining  procedure,  showed  their  presence  on 
the  organism  of  American  recurrent  fever.     Novy  and  Knapp 

'  KoUe  and  Wasserman,  Band  iii. 
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speak  of  an  end  cilium,  or  flagellum,  on  the  variety  which 
they  studied.  In  the  organisms  we  observed,  at  times  we 
could  make  out  what  we  thought  to  be  a  short,  thick  cilium 
at  either  end  of  the  individual.  This  cilium  was  brought  out 
by  Wright's  method  of  staining,  but  not  at  all  distinctly. 
Otherwise,  in  the  stained  preparations  no  cilia  were  seen. 

Norris  succeeded  in  cultivating  the  spirochaete  on  fresh 
blood  to  which  sodium  citrate  had  been  added.  They  grew 
in  the  first  transplant  slightly,  but  not  in  the  second.  Leva- 
diti  obtained  successful  cultures  of  the  organism  by  inoculating 
collodion  sacs  filled  with  2  c.c.  of  monkey  serum  heated  to 
70°,  and  placing  the  sealed  sac  in  the  peritoneal  cavity  of  a 
rabbit.  He  carried  through  eight  transplants  in  thirty-six 
days.  If  these  same  sacs  were  put  into  the  peritoneal  cavity 
of  a  rat  d^eneration  forms  of  the  organism  appeared.^  Novy 
and  Knapp  have  been  able  to  keep  the  organism  alive  and 
growing  in  their  laboratories  for  over  a  year.  Their  method 
is  a  modification  of  Levaditi's  idea.  They  inoculated  collo- 
dion sacs  filled  with  2  or  3  c.c.  of  defibrinated  rat's  blood,  and, 
after  sealing,  placed  the  sac  in  the  peritoneal  cavity  of  a  white 
rat.  The  organisms  in  this  method  retained  their  form  and 
multiplied  very  considerably.  Transplants  are  made  from 
one  sac  to  another  even-  three  or  four  davs. 

We  endeavored  to  cultivate  the  organism  by  ordinary 
methods,  including  aerobic  and  anaerobic,  and  also  by  the 
method  of  Novy  and  Knapp.  None  of  our  efforts,  however, 
were  successful.  During  two  trials  with  the  Novy-Knapp 
method  we  found  at  the  end  of  three  days  that  the  sacs 
showed  the  presence  of  an  extremely  varied  flora,  evidently 
due  to  a  slip  somewhere  in  our  technique.  Some  forms  of 
spirilla  were  observed,  but  these  organisms  were  all  short 
and  did  not  show  more  than  two,  or  possibly  three,  spiral  turns. 

The  staining  methods  made  use  of  by  us  were  Wright's  and 
carbol  fuchsin.  The  former  method  brought  out  the  organ- 
ism clearly,  but  revealed  no  particular  internal  structure. 

It  is  now  definitely  established  that  the  tick  Omithodorus 

^  Kolle  and  WaBserman,  Band  iv. 
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moubata  carries  the  infection  of  African  relapsing  fever. 
Koch  found  on  his  expedition  to  Africa  that  if  Europeans 
avoided  the  caravan  routes  where  the  infected  ticks  abound, 
they  would  escape  the  disease. 

The  mode  of  transmission  of  the  spirochsete  of  Obermeier 
so  far  remains  a  problem,  but  in  this  connection  it  is  interest- 
ing to  note  the  work  of  Tictin^  and  Karlinski.^  The  former 
found  that  after  bedbugs  had  sucked  relapsing  fever  blood, 
if  within  forty-eight  hours  they  were  crushed  and  the  obtained 
blood  injected  into  monkeys,  the  latter  were  infected  with  the 
disease;  but  after  forty-eight  hours  the  results  were  negative, 
and  at  this  time  the  spirochsete  had  lost  their  motility. 
Karbinski  found  that  the  spirochsete  resisted  the  action  of  the 
digestive  juices  of  the  bedbug  and  still  infected  the  insect  thirty 
days  after  it  had  sucked  the  blood  of  a  relapsing  fever  patient. 
We  endeavored  to  carry  out  some  experiments  with  bedbugs, 
but  the  scruples  of  the  hospital  authorities  would  not  give 
this  wingless  pest  a  chance. 

Monkeys,  white  mice,  rats,  and  guinea-pigs  are  susceptible 
to  infection  with  both  Spirochsete  duttoni  and  Spirochsete 
obermeieri.  Rabbits,  dogs,  and  ponies  have  been  infected 
with  the  African  variety.  Fraenkel  was  able  to  infect  three 
starved  mice  with  Spirochsete  duttoni  by  feeding  to  them  the 
cadaver  of  an  infected  mouse.  We  succeeded  in  transferring 
the  infection  from  the  second  case  to  white  rats  during  both 
the  initial  attack  and  the  relapse. 

Undoubted  cases  have  been  reported  where  the  mother  has 
transmitted  the  Obermeier  spirochsete  to  the  fetus  through 
the  placenta. 

The  organisms  appear  in  the  blood  usually  with  the  onset 
of  the  fever.  Some  authorities  have  noted  their  first  appear- 
ance in  the  circulation  as  long  as  three  days  after  the  initial 
rise  of  temperature,  while  others  have  discovered  them  some 
hours  before  the  paroxysm.  They  are  found  in  the  circu- 
lating blood  and  in  the  spleen  during  the  febrile  periods,  but 

*  Jour.  Trop.  Med.,  vol.  v. 
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as  yet  it  is  a  question  what  becomes  of  them  during  the  afebrile 
periods.  As  a  rule,  they  disappear  shortly  before  the  crisis, 
but  many  observers  have  found  them  at  varying  times  up 
until  three  days  aftenvard,  Naunyn  related  a  case  in  which 
the  organisms  became  very  sparse  after  the  crisis,  but  had  not 
entirely  disappeared  fourteen  days  thereafter. 

In  our  first  case  the  diagnosis  of  the  disease  was  made 
through  examination  of  a  stained  blood  specimen  at  3  p.m. 
At  4.30  P.M.  numerous  blood  preparations,  both  stained  and 
fresh,  were  made,  but  persistent  and  careful  examination 
failed  to  discover  any  organisms.  The  hour  of  3.30  marked 
the  beginning  of  the  crisis  in  his  case,  and  nine  o'clock  that 
evening  found  the  patient's  temperature  normal.  In  the 
second  case  the  organisms  disappeared  with  both  the  first 
and  second  crises,  and  were  not  to  be  found  during  the 
afebrile  periods.  In  this  case,  a  short  time  after  the  onset  of 
the  relapse,  examination  of  the  blood  for  spirochaete  proved 
negative,  but  was  positive  on  the  following  morning. 

Spirocha'te  live  for  variable  lengths  of  time  outside  of  the 
organism.  If  the  blood  be  taken  during  the  early  part  of  the 
initial  attack,  the  parasites  will  live,  and  be  actively  motile 
for  a  long  period.  In  our  second  case  they  were  quite  active 
after  seventy-two  hours  in  an  ordinar}^  sealed  wet  preparation 
at  room  temperature.  Toward  the  end  of  the  febrile  period 
it  will  be  found  that  the  organisms  soon  lose  their  motility  and 
die  quite  rapidly.  This  would  seem  to  speak  for  the  forma- 
tion of  antibodies  in  the  serum. 

Koch,*  as  well  as  Button  and  Todd,  concluded  from  their 
observations  that  an  attack  of  tick  fever  conferred  immunity. 
Natives  of  tick-infected  districts  are  not  susceptible  to  the 
disease,  whereas  Europeans  are.  That  this  is  not  a  natural 
race  immunity  is  proved  by  the  fact  that  natives  who  live  at 
some  distance  from  the  infected  caravan  routes  when  first 
exposed  are  just  as  susceptible  as  Europeans.  Koch'  and 
Kudicke,  through  experiments  with  the  African  spirochaete, 

1  Deut.  med.  Woch.,  1905. 
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showed  that  this  acquired  immunity  occurs  in  monkeys. 
Norris  and  Novy  demonstrated  its  occurrence  in  rats  infected 
with  Spirochsete  obermeieri,  and  Breinl/  working  with  both 
the  African  and  European  forms  in  monkeys  and  rats,  ob- 
served that  infection  with  one  form  did  not  confer  immunity 
for  the  other.  This  fact  he  interpreted  as  strongly  favoring 
their  distinction. 

Gabritchewsky,*  in  an  interesting  series  of  experiments, 
was  able  to  confer  immunity  to  mice  through  vaccination. 
He  found  that  vaccination  with  a  species  of  spirochsete  found 
in  the  chicken  would  not  confer  immunity  to  infection  with 
Spirochsete  obermeieri.  He  demonstrated  that  the  injection 
of  antispirochsete  horse  serum  conferred  immunity  to  infec- 
tion for  at  least  twenty-four  hours.  How  much  longer  such 
immunity  lasted  was  not  determined. 

The  immune  serum  of  rats  has  been  proved  to  possess  bac- 
tericidal and  agglutinating  properties  by  both  Norris^  and 
Novy*  and  their  co-workers.  These  properties  have  been 
demonstrated  in  human  serum  by  Karlinski,^  and  Hoedl- 
moser,*  and  the  latter  endeavored  to  make  use  of  them  in 
diagnosis.  These  bactericidal  and  agglutinating  powers 
fade  after  four  to  six  months. 

Novy  and  Knapp^  have  noted  a  pronounced  curative  action 
on  the  part  of  immune  blood  in  white  rats.  If  a  rat  whose 
blood  shows  the  presence  of  numerous  spirochsete  to  the  field 
be  injected  with  2  c.c.  of  immune  blood,  the  spirochsete  dis- 
appear entirely  within  an  hour. 

Gabritchewski^  iujected  patients  with  40  to  60  c.c.  of  serum 
from  an  immunized  mule,  and  found  that  the  number,  dura- 
tion, and  severity  of  the  febrile  attacks  were  beneficently 
influenced. 
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